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We're showing our new recorder backwards so 
you can see its identical pairs of motors. 
They're the secrets of the first truly backwards/ 
forwards play-back (or record/ playback) unit 
for reliable round-the-clock unattended broad- 
casting. 

The Ampex ABR15 is the first functionally sym- 
metrical (and truly bi-directional) recorder for 
broadcasting. 

Its big 14-inch reels and bi-directional capabil- 
ity make it ideal for automated operation. And 
you can choose speed pairs from 15 ips to 
15/16 ips. 

Identical motors connect directly to dual cap- 
stans that pull the tape across identical play- 
back heads. A motor for each direction. 
Separate playback heads for identical perform- 
ance. 

Two additional motors provide reel take-up, 
whichever way you go. 

All four motors are servo-controlled for even 



tape tension and exceptional tape speed ac- 
curacy. ( = .08% throughout the reel). 
Other features include extra fast start for pre- 
cise cueing. "Joystick" control for variable fast 
forward and rewind. A digital tape counter. And 
a simple, uncluttered design inside and out. 
The rack mount modules, including electronics, 
are only ^^4" high. They're easily interchanged 
so maintenance is simple and downtime is 
short. 

For full specifications and information on how 
an ABR Series recorder will fit into your system, 
call our Professional Audio Products Sales 
Manager: (415) 367-4400 (collect). 
Or write to Ampex Corporation, Professional 
Audio Products Division, M.S. 7-13, 401 Broad- 
way, Redwood City, CA 94063. 



AMPEX 




Announcing the backwards/forwards 
broadcast recorder, the Ampex ABR15 

. . . backwards 
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Coming 
Next 
Month 



• lulward J. Gately. Jr., describes a 
new building block approach to the 
design and manufacture of recording 
consoles in iiis article Modular Con- 
sole DliSIGN. 

.\ioDERN SriDio Construction 

Teciiniques by William k. (irahani 
describes simple building procedures 
for the construction of studios by 
broadcasters and recordists on tight 
budgets. 

Low-FkKQiENCY Sound Adsokueks 
by Michael kettinger describes the con- 
trol of low-fretjuency reverberation in 
the studio. Different materials are ex- 
amined for their abilities to effect this 
control. 

The April issue will also feature a 
complete guide and map to the exhibits 
to be seen at the forthcoming AES 
Convention in Los Angeles. In addition, 
there will be a listing of technical ses- 
sions and jiapers to l)e presented during 
the convention. 

And there will be our regular monthly 
columnists, Cleorge Alexandrovich, Nor- 
man H. Crowhurst. Martin Dickstein, 
Arnold Schwartz, and John W'orani. 
Coming in db, The Sound Rngincering 
Magazine. 



About 

the 
Cover 



• A fanciful representation of sine 
wa\'es without which there would be 
no audio. We salute the NAM Conven- 
tion being held in Chicago, April 5th 
through the 8th. The place: the Conrad 
Hilton Hotel. 
<^ Ampex Circle 10 on Reader Service 
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Letters 



The Kditor: 

In reference to Jiisl Step Up To The 
Mic in the November issue as well as 
the mention by the author Robert 
Hawkins in the January issue that he 
did not know tiic manufacturer of tiic 
velocity "Myster>- Mic 2" 1 would like 
to shed the following information. 

The microphone in ([uestion was a 
high-inipedance \elocity microphone 
manufactured in 1935 by the .\m|>erite 
Company, at that time located at 361 
Broadway, New York City. 

I used several of these microphones 
in mv sound amplification rentals at 
that time and found them quite satis- 
factory*. 

lidward R. Myrbeck 
Acoustic iMboratory 
Harvard University 
Cambridge, Mass. 

Agooiily number of writers have agreed 
•with Mr. Myrbeck in their identification 
of the mic shown in the November article 
and on its cover. We thank the many who 
did, and particularly Mr. Myrbeck who 
enclosed a xercv of an ad {which un- 
fortunately we cannot reproduce because 
of the quality) that described the A nipere.v 
velocity as an "all around microphone" 
According to the ad it permitted .W- 
degree pickup when lowered and paralleled 
to the floor, it eliminated feedback in p.a., 
and the high-impedance model operated 
directly into a grid. Ed. 

The Editor: 

In your November issue, I was not in 
the least surprised (contrary to Mr. 
Burrough's letter; December issue) to 
find ver\- little if any mention of Mr. 
Burrough's concern as the article dealt 
primarily with significant contributions 
to the development of microphones. It 
was sufficient to show that Electro- 
Voice microphones existed. If you are 
to mention every contribution to the 
progression of microphones, then \'oii 
must of necessity gi\e credit to the 
wiremaker, coreniaker, etc. 



It is im|x)rtant to note at the con- 
clusion of this historical discussion of 
microphones that, in quality studio 
applications or critical situations, we 
find only one or two American micro- 
phones present. With few exceptions 
audio and recording engineers turn im- 
mediately to the European manufac- 
turers for their microphone recjuire- 
ments. 

If all the American manufacturers of 
microphones since 1927 had continued 
their efforts to produce quality instru- 
ments we, the professional users, would 
not be placed in a position of having to 
select foreign microphones. In fact, the 
names of Telefunken, Neumann, AKG, 
and others would, indeed, be foreign, 
instead of reverent trademarks of excel- 
lence within the American audio indus- 
try. 

A ugusi II. Jones 
Chief Engineer 

Alteen Recording Corporation 
Chicago, Illinois 60617 



Is Mr. Jones correct in saying that few 
American-made microphones are used in 
quality studio applications.'' W'c have not 
made a study in depth, but we would 
venture to guess from observation in many 
recording and broadcast applications of 
the highest caliber that both American and 
European microphones exist side-by-side. 
1)1 fact, in broadcast audio — where stand- 
ards exist also — American dynamics 
seem to predominate. And we only refer 
to }nodern instruments; the many Ameri- 
can ribbons still in quality use is im- 
pressive. 

This does not put down European 
microphones {or Japanese ones either) in 
any way. Some exceptional microphones 
do indeed come from the manufacturers 
mentioned in the letter. But Elect ro-\'oice, 
Shure, and others should not be placed in 
a secondary position — their products 
simply do not deserve it. — Ed. 
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Some people can accept reduced quality in their audio 
components. For others - the recording engineer, the 
professional musician, the music connoisseur — there is 
only one quality - the very best. These are the 
uncompromising — the people who choose CROWN. 

They know that behind each Crown product stands 
the teamwork of some of the nation's finest audio 
engineers and proudest American craftsmen. These are 
the designers whose innovations have led the tape 
industry with exclusive electro-magnetic braking, the 
first solid-state components, original computer logic tape 
control, the new Industry standard power amplifier - 
DC300, and now an ultra-flexible, high-performance 
control center. These are the craftsmen who carefully 
hand-fabricate and test each unit, entering measurements 
on individual proof-of-performance records. This is the 
product line that is worthy the pride of both its makers 
and its owner. 

To discover what you're missing — compare 
CROWM's Total Performance sound toduy. Write Crown, 
Box 1000, Elkhart, Indiana. 46514. 



MADE ONLY IN AMERICA 








CX844 For the audio 
perfectionist or professional, 
the ultimate in live recording. 4 channels in-line. 3 
speeds, computer logic tape control never breaks 
tapes, remote control optional, sound-on-sound, 
sound-with-sound, echo effects 
Al/ models shown feature total silicon solid-state 
design, non-mechanical brakes, precision micro-gap 
heads, 5" VU meters, 4 mic or line inputs, 3/16" 
panel with massive central casting, third head 
monitor with AB switch, rugged construction, 100 
hours in-plant testing. 





CX722 Superlative profes- 
sional quality with outstand- 
ing flexibility for on-location 
recording. 2 channels, 3 
speeds, pushbutton electric 
control, remote start/stop op- 
tional, sound-on-sound, sound 
•with-sound, echo effects, 
shown in studio console. 



SX724 Professional perform- 
ance at a minimum price, es- 
sential for the finest compon- 
ent systems. 1/4 -track stereo 
2 speeds, push-button electric 
control, remote start/stop op- 
tional, sound-on-sound, shown 
in scuff-proof carrying case. 



SX824 For the serious audio- 
phile, the ultimate home re- 
corder. 2 channels, 2 speeds, 
computer logic control never 
breaks tapes, remote control 
optional, sound-on-sound, 
shown in genuine walnut hard- 
wood cabinet. 



DC300 Laboratory standard 
basic amplifier. 300 watts per 
channel RMS, complete out- 
put protection, extreme puri- 
ty, shown in walnut cabinet 
D40 The idear monitor ampli- 
fier. 40 watts per channel 
RMS, compact, low distortion, 
shown in walnut cabinet. 



o 
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THE 

STAN 

OF 



41. 



PRICE 

$4495 



Want to know more atiQut the 
industry's most popular tone 
arm? Ask your tellow broad- 
caster Orprcfesi^ional user , . , 
fie probably has one!! 

REK-0-KUT 

]56i NClFTH SIERHA VISTA. FRESNO, 
C^llFORNI* 9 , Pf>cint: 3tB 4?U 

a difisian of 

CCA ELECTflOMCS COHP. 
fib JERSEV AVENUE. GLOUCEiTtR CITf 
JtHSEt aeciW t Pnac,- M9 436 I J lb 
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The Audio 
Engineers Handbook 



GEORGE ALEXANDROVICH 



• We have set out to talk alxnit filters 
and e(|ualization. Now tliat we have 
been refreslietl in our nieiiior^' as to the 
basic qualities of resistors, caiacitors 
and inductors, let us see what we can 
do with tlieni. Let us assume, as a start, 
that we have two amplifiers, one feeding 
the other. In a typical installation one 
is a preanip (or the console output) 
ami the other is a power amplilier. We 
shall also assume that the combination 
of these two units produces flat fre- 
r|uency res]X5nse at the speaker termi- 
nals. But when we feed the signal 
generator output into the preamp ami 
test frequency resixinse through the 
speaker, we may discover that there is 
a considerable acoustical peak at the 
low frequencies as well as a few mid- 
range peaks. ()b\iously, these inade- 
([uucies in response are stemming from 
speaker characteristics and the acous- 
tics of the room. Our aim is to insert an 
equalizer into the electronic chain so 



that all frecpiencies fed into the system 
will be heard with the same loudness. 
This would hold true for the monitor/ 
system, as for instance in the control 
room. Hut if this is a sound reinforce- 
ment system, installation problems 
multiply. We must now consider the 
response of the microphone as well, be- 
cause any peaks in sensitivity (or 
response) of the microphone would, 
in a system adjusted for flat response, 
reduce maximum operating level. 

If the system is for sound reinforce- 
ment and the requirements are such 
that only the midrange of the audio 
spectrum has to be reproduced, tlie use 
of a couple of resistors and capacitors 
can reduce fre(|uency response at the 
spectrum, leaving only a restricted 
speech range. Although it may be not 
as effective as equalizing the entire 
range it will help. (See Figure 1 and 
Figure 2) 

First, we must find out about the 



POWER AMP 
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Fl9ur« 1. Att«nuat- 
ins the low fre- 
qucncio. 
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Mr . Carlos says. "The raw materials of electronic 
music — the outputs of my Synthesizer, for 
example — are sounds which can be varied from striking 
purity toextreme complexity . After a desired sound is 
created, often with considerable effort, it must be 
preserved yvith care, to be combined later with others 
in a meticulous layer by layer process. The noises of 
magnetic recording are significant hazards in this 
regard, since they are particularly noticeable in 
electronic music. However, my experience confirms that 
the Dolby System effectively attenuates the noise 
build-up in electronic music synthesis. My studio at 
TEMPI isequipped with ten Dolby units, which I 
consider to be indespensible in my work." 

Whatever your recording activities, the dependable 
Dolby System can help you make good recordings even 
better. Now in use in over 200 companies in 27 countries 

around the world. 



Walter Carlos, 
creator of 

"Switched-On Bach" 
and "The Well-Tempered 
Synthesizer, " 
uses the Dolby System. 



DOLBY LABORATORIES INC 

333 Avenue of the Americas New York NY 1 001 4 
telephone (212) 243-2525 cables Dolbylabs New York 

for itUeirirttiOnii! inquities 

346 Clapham Road London S W 9 England 
telephone 01 -720 1111 cables Dolbylabs London 



S.CatH. Audio Industries Corp. 

1419 N LiBrea Ave . HOIIvif.ood. Caiil 90028 

Tel 213-HO 5 4111 
/V. Cslit. Audio-Video Systems Engineering 

1526 Tennessee Street. San FranCisCO. Calif 94 1 07 

Tpi 41«i 647-2420 
Midwest Expert Elbclroitics, li^c. 

7201 S Western Avenue. Chicago. Ilhnoii 60636 

Tel 312-Ht 6-2700 
Cunudu J-Mar Electronics. Ltd. 

6 Banigan Orpve Toronto 1 7 . Ontario. Canada 

Tel 416 421.9080 
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three 
8-track 
cartridges 
every 
minute 



The new lnfonicsJD-8 duplicator 
allows you to enter the high-profit 
8-track cartridge field with only 
a S6.495 investment. Duplicate 
three 150-fl. tapes per minute 
at 30 ips from 8-lrack cartridge 
tape, or make your own 8-track 
master tape from any stereo 
input with the new Infonics 
MR-8 Master Recorder. 

With a 12,000 Hz. professional 
quality Infonics D-8 and two 
4-tape DS-8 slaves, you make 1 1 
tapes per minute. Load the tape 
into cartridges on a precision- 
limed Infonics Cartridge Loader. 

Write lor your free brochure and 
price list today. 

M inlbnics 

1 "25 Clover' olo Bou c.a-c 

Sanlaronica Ca ilor-iia 90-I0-: 

(213 1 326-6-:7i • Ca: e Ajjress I' -onics 
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Figure !. Roiling off the sides of the spectrum, 

tormina! iliaractcristirs of tlie two 
aiiipiifnTS. In particular, we niiisl know 
ihf source impedance (preani]] output) 
and the input imi>edanee of the power 
aiuplilier, t onsiderin)^ the majority ol 
the available power ainpliliers we can 
assume input Z (impedance) to he on 
the order of lOOk Ohms. Source im- 
])edance would most likely he 600 or 
l.W Ohms. W hether we want to just 
rollolT resiXHise, or insert an ecpiaiizer 
of any type between the two aniplitiers, 
tliis information is vital. As mentioned 
before, a capacitor offers fairly hif;h 
resistance to low fre(|uencies and low 
resistance to the passage of hijjiis. In- 
serlinR a ca[uicitor of appropriate value 
Ifctweeii the two ainpliliers will rollolT 
low fre<p[encies at the rate of approxi- 
mately 4-6 dH/octave (Fic.cre 1). 
Rolloff will start at the frecpiency at 
which reactance of the capacitor will l>e 
great enough to produce an effect on 
the circuit. Since the capacitor is in 
series with the input imjiedance of the 
load, these two elements can he con- 
sidered as a voltage di\ider. The ca- 
pacitor being a series element, input '/. 
to the power amp is a shunt element. 
Kind out the attenuation at a specific 
frequenc\- caused by this voltage (ii- 
\-ider usi' this formula. 



capacilive reacKuice X- = 



1 

^Trfc 



f = fre(|Ue]icy in I Iz 
c = capacity in I'lirads 

\'ou can liiid what a resistancc- 
<"a])acitor prcKluces at this fre(|iiency. 
Then substitute the value into the ]>ad 
and llgure the \iiltage loss, if you have 
a Shurf Rivclance Slide Rule (Shure 
Brothers Inc.. 222 I lartre\- A\ e., ICvaus- 
ton, 111., USA) >ini can litul \-our 
answers in seconds. 

Let us take a s])ecilic case where the 
in|iiit '/. of the power amp is lOOK 
atid we want to roll off low frecpiencies 
so that at 100 Hz resix)nse is down by 

<1B. pKirkii shows \<)ltase ratios 
\ ersns d B. 



Zi = 



\ ohaKe VI 
Kaiid Vi 

l.li 
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1.41 
1.5S 
1.7S 
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l.M 
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Figure 3. The table will Find the voltage ratio 
for the desired rolloFF in dB. 

'/. . = Power amp input impedance 



the above formula aiul the 
can find the voltage ratio 



f roni 
table you 

for the desired roUotY in db. .Substitut 
ing it into the formula (2) impedance 
Zi can be found. I'sing formula (1) we 
frnd C in Then it is up to us to 
find the capacitor and insert it into the 
circuit. 



V, _ /., + ■/., 
\--. ~ ' Z, 

/., = 1.41 X Zj-Zj = 1.41 X lODk-tOOk 
'/., = 41k ohms 

106 106 

2riv' " 2 X .1,14 X 100 X (■' 



C = 



1 

= = O.O.iSyi.1-" 



r = in (1) 



().2S X 4.1 X i;)« 25.7 

Identical formulae will be used ft>r 
rolling ol'f the liigh fre(pieiu-ies. W'e 
shall then substitute the capacitor for 
7.2 (see Fif.i Kic 2), Zi can be the im- 
pedance of the source or the additional 
resistor in series if the output impedance 
of the preaiup is too low (several ohms) 
and it would re<iuire a huge capacitor to 
rollolT response. Besides the preamp am 
may not be capable of taking a i)urely 
capacitive loafl without going into dis- 
tortion and o\erloa(l. .Addition of re- 
sistance in series (K,) is a standard 
practice. The \alue of the resistor is 
generall>- chosen to be near recom- 
mended load resistance. 

This method is a gotd appro.\ima- 
ti(Mi of the actual \ alue and for all prac- 
tical purposes is sufficiently- accurate. 
If you were to consider all the losses 
and deviatiiMi from ideal, the obtained 
values of the capacitors would be most 
likelv nonstandard an\\va\'. 
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Stereophones 
Is Better 
Than Speakers 



The famous Koss ESP-6 now has a partner . . 
the Model ESP-7 Electrostatic Stereophones. 
The ESP-7 is lighter in weight, lighter in price. 
The ESP-6 is completely self-contained and offers 
3V2 octaves more than conventional headphones 
But both deliver the startlingly crisp, smooth 
and pleasant sound available only in 
Koss Stereophones. 





MODEL ESP-7 Reproduces S'/s out of a possible 10 
octaves (3 octaves more than conventional headsets). Self- 
energized by small separate energizer mounted in cord 
and containing transformers, speaker on-off switch, 
"proper level" indicator, and provision for connecting a 
second headset (Model ESP-A accessory Stereophones. 
S59.00). Frequency response 35-13,000 Hz ±6 db. Comes 
complete with energizer unit and individual machine-run 
response curve. $79.00 

MODEL ESP-6 Reproduces 9 of the 10 audible oc- 
taves. Completely self-energized and self-contained. Fur- 
nished with connector box and speaker on-off switch and 
foam lined, sturdy carrying case. Frequency response: 
27-19,000 Hz -^5 db. Comes with individual, machine-run 
response curve as positive proof of performance. $95.00 

Write for "Adventufes in Headphone Design" to leajn the story o( 
this startling breakthrough in music listening. Or better yet, see your 
hi li dealer today for a demonsuation. 



KOSS ELECTRONICS INC. 

2227 North 31 si Street 
Milwaukee, Wisconsin 53208 



•o 
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FOR8-TRACK 
RECORDING 
ON 1/4" TAPE 



The 
Feedback Loop 



ARNOLD SCHWARTZ 



^^SNORTRONICSto, 



ilnce piy i Ivi of attention to 
everftmdy's magnetii: mTordjng needs, 
we tan wdily undrritanrJ both how 
jnri will* YCvn arc different. That's 
why offer not only s tremendous 
tv-ngv oi tape heads, bui ifia ^\•\^. ex- 
pvH <:ounsej thai guides yoci )o )he 
mmt effective specifir^tlon?-. 
Study our li!efatu/e on (h<.-*c S-baidt 
tiMLfi. All (ire availabii: for origiral 
equifiinftni (MyrftI dcsigrHtionj' tjr ofl 
fht sbcif ffom Nortronics diitributoii 
(Series desiBrnliont, 

MODEL E2L 5800 Series 

^^^^^^ Tile? bdsi-L h»d or Ihi; 

B-trjck SilMvyr indu^liy. 
L ^H^r retuni indi'ar piaif 

m, Blr ^ ^^'='<' finfiQni^ Ihroutfl 
^ fllF^ ^'^Kliz 11 3.71 ipi. 

MODEL ZJIL eaOD ^eri^ 

^^^^^^^ riril CcmtiD hcjd for 

|^^4^^B| BAfsaV slt'r«n, r«cnr(f.. 
^^HTflP^V playback^ and Erase- in- 

' !iislfl iii^il. F=l|«v|lft«Ct:i 
^^pp i-khkr^ni.'!:, aErBnniEnl.. 

jnd prrssurji pjd jiiril> 

MODEL P-Bqi £93^ Sede» 

E&pKiilly- deui^^d for 
J |{>w ca^r djpllncing 
■ Fnur in-4ini^ rraubs. f^ 
V stij^gcrEd p>if pnn^i>drrE 
fl (fiickF -Ofl ',4" Ijpc. 

WhFch one fits- your rieedsT Nortronics, 
the world's lar.gei.t ta.pe head manu- 
fatrurcr, has whal it takes to analyze 
yOur ■vquinLT'cnts and t-cn recommend 
the rrgb-t head ... for any aucfio appli- 
MiiOri, 

When you have a lape head ne<wJ, 
head for Nortronici. We'll head you 
right. 

OOMPANy. imc:. 

SIOl Tenln Avtnut NdHJi 
MinnaapDlis, Uinncuvta 
P-Jione-Cei 2)545-0-401 

Sales. Off lc« throughoul iitt wurld 
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• Last inontli we talkt-d about plmno- 
Uraph carlri<l(?i-s and wiuit Conipliance 
means in evaluating their perfdriiiance. 
This nioiitii I wiiuid liiie tii tliscuss how 
carlridne fre<|ueiicy response and l)and- 
widlh limitations are ttetermined. .\'ot 
many people have heard of I-"rank C. 
Miller, author of a brilliant stud\- en- 
titled SI vIks Grom-r Rflalioiis i)i Phouo- 
griipli keconh. This slud\- contains an 
analysis of the factors that determine 
the fre(|uency response iif a stx ius in a 
record groov e. 

THEORETICAL 

The basic elements of a hifjli lidelity 
magnetic cartridge are shown in I'ioi hic 
1. The stylus arm is assumed to he 
rigid, and is danipetl at one end b\- a 
compliant mounting which has some 
mechanical resistance (dampinf;)- The 
transducing element is coupled to the 
stylus bar at this end. The stylus is 
mounted at llie opposite end and is 
shown resting against a stereo f;ri)ove 
wall (\'iewed 45 degrees to the reciiril 
surface) with force Kz. As the groove 
moves the st\lus is dellecti'd up and 
down about a mean position. The im- 
l)edancc to tliis motion is a mass, and a 
resistance. Miller derived a formula for 
the fretjuency response (1!) of the 
stylus in the groove. 
While this formula relates the factors 



that determine fre(|uency respon.se of 
the stylus driven by a record groove, 
it iloes not take into account the trans- 
ducing mechanism that converts the 
stylus motion into an analog electrical 
signal. 

RESONANT FREOUENCY 

Miller's response formula is in terms 
of the resonant fre(|uency. fo. which is 
determined by the mass rellected at 
the stylus (m). the niodidus of elasticitj- 
of the record material (Iv). the tip 
radius (R). ami the tracking force (Fz). 
The mass has the greatest etTect on 
the resonant fretpiencv'. If we decrease 
the mass by one half, fo and the daiup- 
ing factor («) increase by a factor of 1.4. 
The luodulns of elasticity represents 



CLAMPING AND COUPLING 
TO TRANSDUCER MECHANISM 



STYLUS BAR 
STYLUS 



HOUSING 




GROOVE VIEWED 45° 
TO RECORD SURFACE 



LINEAR 
■ GROOVE 
MOTION 



Figure 1. The playback stylus in a stereo 
groove. 
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the .■ililTiK-ss (ri'< iprociil of niinpliaiici'; 
of I lie m-oni malrri;)!. ami for a fi'wvu 
material siirli as vinyl, is a coiistatil. 
("haiifU'S in liotll Irai kinn forre and li]) 
radins have relali\t'ly link' i.-lTc-cI jiiiKc 
to \'ari<'s as tlif 1 6 pdwcr of iliose 
(|iianlitics. In aiklitioti, incrcasitin cttluT 
of tliisi- (|iiantities in orck'r tii raise the 
ri'siinant fre(|iK-iicy would hi- ((iiiniiT- 
priKlmlivi' to ollii-r carlridfic perform- 
ance rliaraeteristies. 

We can now \isiialize how this 
styhis-fjroove resonance occms, 'riie 
e(fecti\e niass at the tip rj'sonates with 
the groove compliance atul is damped 
1)>- the resistance. The cotn])liatice, 
while it is determined mainly l>\ the 
modtdiis of elasticity, is de])etKlent to 
sotiie extent on the tip radius atid 
tracking force, 

STYLUS-GROOVE RESPONSE 

\W using Miller's fortinila. response 
cnr\es can he plotted (hK.cKi-, 2) whi<'h 
show the relative \elocity of the st>liis 
when it is driven hv a constant \elocit\' 
ret'onling. The free jiien< \- a.\is is dis- 
f 

plav ed as the ratio — ; as .Miller's efpia- 
fo 

lion suggests, so that the shape of the 
styhis-groove response can he shown 
without reference to an\- specific reso- 
nant fre(|nency . .\ gnuip of res|)onse 
CLir\os are shown for cartridges with 
selecte<l damping factors from 0 to 1.4, 
In the theoretical case where the damp- 
ing factor is zero, the resi«inse at f„ 
goes lo inrintty. There is a icsonant rise 
of about .^.5 dH for a damping factor of 
0.7. The ideal damping factor is 1.0 
where we have optimally Mat response 
with the widest handwidth for a gi\ en 
tnass. Aho\ e the resonant fre(iiienc\- the 
res|)onse fall off 12 dB [ht oclaxe. The 
llsefitl cartri<lge output extends ahoLit 
one-half octave hevond resonatice and 
can he considorwl the cartridge cut-ol'f 
fre(|uenc\-. The fre<|iieney of the styhis- 
groo\o resonance determines cartridge 
handwidth, an<l the tiamping factor 
determines the amoLUit of the resonant 
ri.se. 

The cartridge transducing mechan- 
ism mnst generate an electrical .signal 
which is the analog of the stylus velocity. 
I low closely il<ies the cartridge <uitput 
appro.\imate the .Miller eipiation ? At 
high fre(|uencies. just hekm- resonance, 
there are (k'\ialions which can he 
ascribed lo prohletns in the transduction 
mechanism, At fre<|ucncies well heknv 
resonatice we can e.xpecl to lind close 
corres|K)ndencc- which meatis llat fre- 
(|uenc\- res|)onse. In tlie case of ceramic 
and crystal cartridges (he piezoelectric 
element it.self often has a resonance thai 
is well helow the st_\'lus-groo\c resfin- 
ance. This internal cartridge resonance 
is damped but rarelv. if c\ cr. can a llat 
resixinsc be maintained out to {„. 



Figure 2. Stylus- 
groove response to 
constant- velocity 
recording according 
to Miller's formula. 





NEW FAIRCHILD 



Model 659 FAIRCHILD Reverber- 
tron is the newest addition to the 
world-famous FAIRCHILD Rever- 
bertrons. Superseding all other 
artificial reverberators within its 
price range, the new 659 repro- 
duces for broadcast or recording 
purposes, in a compact system, the 
same natural, real-life reverbera- 
tion effects as the world's finest 
acoustic chambers. 

FEATURES: 

• Switch selection for either local 
or remote operation provides 3 
types of reverberation control: dry, 
premix 1, premix 2 • Exclusive* 
selector for short, medium or long 
decay times • Frequency response 
ranges from 20 hz to 20 Khz on the 
dry channel (±i db) compares with 
50 hz to 6 Khz on the reverberation 

See us at AES 

Circle 2f on 
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channel with a range of adjustment 
to ±15 db • S/N is 10 db over previ- 
ous models • Effective for input 
levels as low as -30 dbm; output 
levels up to +18 dbm 'Transformer 
isolated input and output imped- 
ance is 600 ohms or 150 ohms bal- 
anced or unbalanced • All elec- 
tronics are on easy plug-in P. C. 
boards • All signals are metered • 
Controls have continuous mix 
facilities • Compact: only 22'A" 
high X 19" wide x 10" deep. 

•U.S. Patent #3436674 

For complete details contact your 
Fairchild Distributor or write: 

FAIRCHILD 

Sound Equipment Corp. 
Dept. DB-3 10-40 45th Avenue 
Long Island City, N.Y. 11101 

Show Booth 7-8 
Reader Senirc Card 
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Figure 3. Response 
by some lypicil car- 
tridges lo constant- 
velocity recording. 
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CARTRIDGE RESPONSE 

When we measure ilie resix)nse of a 
cartridge we are actually measuring 
tlie <~onil)ined effect of two systems; 
tlie stylus-Rroove res]X3iise, and the 
resiK)iise of tlie transducing mechan- 
ism. How is this response measured? 
Before the advent of a recordable sweep 
fre<|ueMcy test record a laborious i«>int- 
hy-lHjint plot of s|X)t freijuency bands 
had to be made. At CIJS Laboratories 
when we were jilanning the .STR-IOO. 
the first of the CI5S test records, we 
(kvided to include a sweep fre<iuency 
ban<l synchronized with the C.enerat 
Radio level recorder. That this was a 
wise decision is shown by the fact that 
after almost ten years the -STR-IOO 
is probably the most widely used reconl 
for cartridge evaluation. The cartridge 
res]K)nse curves of I'igure 3 were de- 
rived from the .STR-IOO, but for piir- 
lK)ses of this article have been replottecl 
to sinnilnte a constant velocity record- 
ing. 

Ciir\e .-\ (l-'iGLRi; 3) shows the re- 
siK)nse of one of the better, current 
magnetic cartridges. The stylus-groove 
resonance is approximately 16,000 
an<l the <lroop in the .3,000 to 12,000 
range is due to transducer response, 
("urve 15 shows the response of a high- 
(piality magnetic pickup which was 
< urrent about 8 years ago. 1 lere we have 
a curve which comes very close to the 
Miller II function for a <lamping factor 
of 0.7, and with the resonance at about 
1,1,000 1 Iz. Curve C shows another cur- 
rent, and highly regarded, cartridge 
with a resonance at about 20.000 llz 
(if we extra|X3late), but with a severe 
drooji of over 5 <1H in the high-fre- 
<|uency range caused b\' the transducer 
response. Curve D is a magnetic cart- 
ridge with a pronounced resonance at 
about 14,0t>0 llz. 

RESPONSE AND 
RECORD WEAR 

.■\ stvhis-groove resonance, such as we 
see in Figi kks 2 and 3, will cause the 
stvlus to move with greater velocity 
than the groove itself. .X 3 dH resonant 
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rise will cause the stv lus to tnove a dis- 
tance that is 40 per cent greater than 
the modulation itself. When the stylus 
velocity is greater than the groove 
velocity, the tip will indent or emboss 
the groove and superimpose its re- 
si)oiise on the record. Last month I 
discussed compliance an<l record wear, 
and pointed out that there were other 
cartridge characteristics at least as ini- 
])ortant from the point of view of 
record <leterioralion. Compliance has 
no etTect on the fre(|ueiicy or amjilitude 
of the stylus-groove resonance as do 
the mass and <lamping. It seems, then, 
that tip mass and (lamping are ex- 
trenieU- im[K)rtant cartridge character- 
istics which not only alTect performance 
but can have important etTects on the 
record itself. 



MOVING? 

Have you sent us a change-of -address 
notice? It takes time for us to change 
your plate so let us know well in ad- 
vance of your move. Be sure to send us 
the complete new address as well as 
your old address. Include both zip num- 
bers. Keep db coming without inter- 
ruption! 



BACK ISSUES AVAILABLE 



A limited number of back issues of db 
are available to interested readers who 
may have missed or misplaced earlier 
issues. When ordering please indicate 
date of issue desired and enclose 75c 
for each cop\'. 

CIRCUL.\TION DEP.\RTMENT 
db — The Sound Engineering Magazine 
980 Old Country Road 
Plain view, N.Y. 11803 
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38th 

AUDIO 
ENGINEERING 
SOCIETY 

CONVENTION AND EXHIBITION 

PROFESSIONAL AUDIO EQUIPMENT 
FOR STUDIO AND LABORATORY 

MAY 4/MAy 7 

AT THE LOS ANGELES HILTON HOTEL 
LOS ANGELES, CALIFORNIA 

IMPORTANT PAPERS: Motion Picture Sound Techniques • Acoustical Noise 
and Noise Control • Disc Recording and Reproduction • Audio in AM, 
FM and TV Broadcasting • Microphone and Playback Cartridges • 
Loudspeakers • Electronics applied to music • Audio Measurements & 
Instrumentation • Architectural acoustics and Electroacoustics • Signal 
Control and Processing • Magnetic Recording and Reproduction • Music, 
Speech and Hearing • Amplifiers and Audio Circuitry • Sound Reinforce- 
ment • Audio Applied To Education, Science and Industry 

TECHNICAL SESSIONS: Monday through Thursday morning, afternoon, and 
evening at 9:30, 2:00 and 7:00 except Monday and Wednesday 9:30 
and 2:00 only. 

AWARDS BANQUET: Wednesday, May 6 at 8:00 p.m. 

EQUIPMENT EXHIBITION: Monday through Thursday; Monday and Tues- 
day, 1:00 p.m.-9:00 p.m.; Wednesday, 11:00 a.m. to 5:00 p.m. and 
Thursday, 1 1:00 a.m. to 5:00 p.m. 

Convention Program, Banquet Ticket information available from 

AUDIO ENGINEERING SOCIETY, INC., Dept. 38 

Room 428, The Lincoln Building, 60 East 42nd Street 
New York, New York 10017 (212-661-8528) 
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Theory and Practice 



NORMAN H. CROWHURST 



• Things happen in spurts. After I'd 
written the column that ap])eared in 
the December issue, wlierc I promised 
something more about the design of 
different kinds of transistorized Oscil- 
lator, I received some more pressing 
enquiries, so I didn't get to fiiltill that 
promise till now. 

But before I do that, something 
about non-audio fields. Recently, I sat 
down and wrote myself a document 
setting forth the legal precedence, based 
mainly on the Declaration of Inde- 
pendence (2,500 words), citing the 
relevant facts (2,000 words) and giving 
a concise statement of the resulting 
position 1,000 words), to be filed with 
my 1969 income-tax return. 

A few people read this document 
prior to its submission, both to the 
IRS and to members of the Senate and 
Congress in Washington. Everyone who 
read it expressed the opinion that it 
should be published, but my primar\- 
interest is to render constructive serv- 
ice to my adopted country, of which my 
usual form of writing in this column is a 
sample. That I intend to continue 
doing, rather than trv'ing to fight the 
income tax in the way that some good 
citizens occupy themselves. 

Yet, as my friends point out, I owe it 
to my fellow citizens to let them have 
the benefit of this useful documentation, 
the compiling of which was virtually 
forced on me. So for anj-one who would 
like a copy of this lO-page, close-typed 



document, I'll send a xerox for what 
it costs me to have it run off and mailed, 
which is about $2. 

A more constructive activity, arising 
out of my concern for education, is a 
new kind of newsletter, titled SYNER- 
GY, that interested teachers are work- 
ing with me on getting published. If 
\*ou know any teachers who might be 
interested, please send me their names 
and addresses at the same adtlress, 
P.O. Box 651, Gold Beach, Oregon 
97444. Now back to sound engineering 
theory and practice. 

A quite convenient oscillator, for 
tube operation, used the circuit shown 
at Figure 1. This utilized half a 12AX7 
(left) as a high-gain stage and half 
(right) as a phase splitter. The precise 
gain of the left half is controlled by the 
d.c. component of negative feedback 
from the cathode tap of the phase 
splitter, which in turn is derived from 
the bias at its grid, by rectifying signal 
and storing the d.-c. component on its 
side of the interstage coupling capacitor. 

The pairs of elements labeled C and 
R control frequency. The upper pair 
provide positive feedback from the 
plate of the phase splitter, while the 
lower pair provide negative feedback 
from its cathode tap. At the frequencj- 
of oscillation, the signal at the gain 
stage grid is just in phase and of suffi- 
cient amplitude to maintain oscillation 
at the gain set by the d.-c. part of the 
negative feedback. 



The \alues were selected to provide 
equal phase-in\erted outputs from ca- 
tluKle and plate of the second stage. 

Because this was a useful circuit 
(with minimum frequency-controlling 
coniix)nents just 2 variables) we sought 
to design a transistorized \ersion. The 
first try investigated the curvature of 
transistors that might be used in the 
same wa\' tube cur\ ature was used to 
automatically control the gain in Figure 
1. Although the 12AX7 tube is not a 
vari-nui tube in the accepted sense, it 
[wsscsscs sufficient curavure to enable 
gain to be controlled over the small 
range necessary to maintain constant- 
amplitude oscillation. 

This investigation yielded the fact 
that the most usable curvature occurs 
when the transistor uses no emitter 
resistor whatever, and is fed from 
a reasonably constant-current input 
source. The curvature is where the 
characteristics approach cut-off. 

From this fact, the circuit of Figure 2 
eventually evolved, which more or less 
translates the operation of Figure 1 
for transistors. is the gain stage, 
with zero emitter resistor, and Qi is 
the phase splitter. 

is an emitter follower that re- 
ceives both parts of feedback, including 
the d.-c. part used to bias for auto- 
matic gain control. 

Qa is another emitter follower, to 
stabilize the collector load of Q2, and 
couple its output to the phase inverter 
stage, Q,. Bias is efTected by the diode 
in Qt base circuit. Before oscillation 
starts, Q4 is biased by the 2.2k and 
1.5k resistors, with the diode conduct- 
ing. When signal builds up, the diode 
starts taking excursions into noncon- 
duction, until the bias voltage on the 
output side of the double coupling 
cajjacitor sets the voltage fed back 
so as to just maintain oscillation. 

This circuit uses a very short curva- 
ture of the transistor's characteristic, 
and is subject somewhat to transistor 
selection. Also, to operate the emitter 
followers properly, the arrangement re- 
quires a double power supply, with 
positive and negative parts. So why use 
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Figure 1. A basic half-bridge type oscil- 
lator, utilizing a 1SAX7 to provide phase- 
split outputs. 



Figure 2. The closest 
possible translation 
of Figure 1, using 
transistors. 
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a curvature of the amplifying character- 
istic to very active gain? The next 
step was to use a ([uite dilTerent form 
of control. 

Oscillation can also 1)0 coiUroiled in- 
varying the relative portions of [wsitivc 
and negative signal fed back, holding 
the gain stage at a reasonably constant, 
high value of gain. This approach 
finally led to the circuit shown at Figure 
3. I'or this application, frequency was 
not required to varj- o\'er a very wide 
range, but we did want an output 
whose peak-to-peak \-alue almost 
equalled the supply voltage, of good 
waveform. 

Transistors Qi and Q2 serve the same 
basic purpose as transistors Q2 and Qi 
respectively) of the previous circuit, 
or as the two parts of the double Iriode 
in Figure 1. The values shown enable 
the frequency to be adjusted to pre- 
cisely 1,000 Hz. Variation of [xisitive 
feedback is achieved by making Q3 
part of the collector load resistor for 
Qx, with a limiting value (62 ohms) in 
shunt. 

Before oscillation starts, Q3 is non- 
conducting. When the oscillator is 
running, Q3 works in its saturation 
region, and reduces the collector re- 
sistor's effective value until oscillation 
is only just maintained. 

Bias for this feedback-controlling 
transistor is obtained by isolating the 
oscillator output through Q«, an upside- 
down emitter follower (which we can 
do with transistors by using one of 
opposite polarity), and rectifying its 
output with voltage-doubler diodes. 

The 220-ohm resistor in supply nega- 
tive to Qi, Qj, and Q3 serves to provide 
a delay bias voltage. Q3 and Qs are 
both cut off until oscillation starts. 
When the voltage developed across the 
0.1 mFd capacitor feeding the 33k 
resistor to Qs base exceeds this delay 
bias, Qs starts to conduct, running Qa 
toward saturation, until oscillation is 
controlled. 

The circuit enables the voltage at 
the collector of Q2 to be controlled 
with quite close precision. Now we 
have to amplify this voltage to the 
magnitude of wave desired. This is 
achieved by Qe, Qj, and Qs. Qs is an 
amplifier stage and Qs is an emitter 
follower directly coupled to it. Q? com- 
pares the d.-c. component of this output 
with a reference value at its base, to 
provide d.-c. bias for Qe, and thus 
provides amplified d.-c. feedback to 
ensure the correct operating current for 
Qe to center the output voltage, 

Qn works at maximum gain, current 
and voltage. But its base has two 
signal inputs: one through the 1.5k 
fixed resistor with the Ik variable in 
series; the other through the 6.8k re- 
sistor, which provides signal feedback 
from the output. The ratio between 
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Figure 3. A final circuit, that uses a different principle to control 
oscillation amplitude, and provides a means to yield a signal output 
almost equal to the d.-c. supply, in peak-to-peak amplitude. 



these resistors almost exactly sets the 
ratio between the input voltage at the 
slider of the Ik resistor and the output 
voltage. 

In getting the full voltage swing, the 
emitter resistor of Qs sets one limit. If 
one extreme of swing cuts the current 
through Qs ofT, momentarily, the base 
of Qs rises close to negative supply volt- 
age, and Qs virtually connects the out- 
put, momentarily, to supply negative — 
or very close to it. At the other extreme 
of signal swing, Qs passes enough cur- 
rent to connect the base of Qs virtually 
to supply positive, so Qs is momen- 
tarily cut off. 



Because the emitter of Qr is held 
steady at mid-voltage, being a d.-c. 
control, when Qa cuts off, its emitter 
voltage is determined by the 2.7k re- 
sistor and the 150-ohm resistor, as a 
voltage divider across the lower half 
of su])ply voltage, which means the out- 
put will come within about 2.7 per cent 
of the supply voltage from supply 
ix)si live. 

In practice, the d.-c. output, and the 
amplitude adjustment can be set so 
these limits are not exceeded by the 
signal actually amplified, and the out- 
put voltage will hold itself cjuite stable. 



V\fe're very close 
to a lot of famous people. 



This close. And even closer. To the 
Rock-ers and the Bach-ers. To the 
string sections and the swing sections. 

Because Neumann's U-87 is made 
that way. It's the only condenser 
microphone designed to work up-close 
without distortion. And with absolute 
fidelity. 

It has three-directional patterns. 
An overload protection.switch. Base 
roll-off switch. And, of course, it has 
the distinguished Neumann insignia on 
the front— the world-famous standard 
of excellence. 

The U-87 also has one dis-advantage: We've had reports of lipstick on 
the grille, because performers can get so close to it. 

If you can put up with that, we promise you the greatest separation 
and presence ever. 

Cost: $336, including cable and mount, and then you're ready to com- 
pare the U-87 with any micro- _ _ ^ 

phones you've ever used. You'll «-=*«^— > ■ ■ — I.^X.IS*'! 




see, they don't even come close. 

Writ* today for our free brochure. 
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THE OMNIDIRECTIONAL 
MICROPHONE 

• Sonic time ago. I had the chance to 
sit in tt'ith a few engineers ttho were 
planning to open a new recording 
studio. When the subject got around to 
microphones, one of the men said that 
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he was not considering tiie purchase of 
any omnidirectional niics. since he 
hked the advantages of the more [popu- 
lar cardioid types. 

The advantages of the cardioid micro- 
phone are of course well known. In 
fact, ])erhaps a Mttle too well known. 
For it seems that with the rising po])u- 
larity of cardioitl mics. the omni has 
been all but forgotten by many re- 
cording engineers. This is a great shame, 
since in some ways an onini is actually 
sujx'rior to a cartlioid. 

I he most obvious atb antage is linaii- 
cial. Omnidirectional micro]>hones are 
generally easier to make, and are. 
therefore chea|ier than cardioids of 
Comparable <|uality. It takes consider- 
able design ingenuity to develop and 
Construct a directional microphone with 
good otT-axis rejection. This additional 
work is passed on in the form of a higher 
price tag. I fowever. people |x»y the 
additional nione\- because of the im- 
portance of the Word scparatiox in 
today's studio operation. 

.Many producers become panicky if 
they hear anything other than the 
instrument right in front of it. picked 
up by the microphone, Consetiuent- 
ly. microphones are often worked 
at \ery close distances, and in the 
search for separation, the cardioid has 
iK'conie king. Vet. in spite of s(3me im- 
pressive polar patterns, it is often 
po.ssible to get significantly more sei)a- 
ration with the all-but-forgotten omni 
mid 

There arc two reasons win' this is so. 
l-'irst, consider the well-known proximity 
effects of the typical cardioid niicro- 
])hone, ['^specially at working distance, 
of less than two feet, there Is usually a 
significant increase in low-end res|X)nses 
which gives thai characteristic boonn- 
sound associated with close-in miking. 



Yet, for iniriwses of separation, most 
lX)p session instruments are miked 
within this critical 24-inch distance. 
Of course, there ma\- be a low end cut- 
off switch ()n the niic. which will re- 
duce — but not eliminate — the bass 
Ixiost. 

.Vow consider a worst case: miking an 
acoustic gut string guitar on a session 
which includes drums, electric guitars, 
and other loud sound sources. The 
acoustic guitar is a relatively low-level 
instrument playing within a high-level 
environment. A cardioid microphone 
placed two feet away will surely pick up 
too much unwanted sound from the 
other instruments. Hut. as the mic is 
moved in closer, the proximit\- effect 
s|X)ils the sound of the guitar. M\' the 
lime the mic is close enough to reduce 
the unwanted signals, not onU' will the 
bass boost be excessive, (see i'"i(;fRic 1) 
but the mic may actualK' be in the 
guitarist's wav due to its phvsical 
bulk. 

Here is where the omni comes to the 
rescue. There is no bass boost with an 
omni mic. so it can be worked at very 
close i|uarters without proximity-efTect 
problems. .And the typical onini mic 
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Figure 1 . The tunsmission factor of a pressure 
gradient microphone without (Rgure 8) and 
with (cardioid) acoustic delay, In close 
proximity of a sound source that Is non 
directional. (Graph taken from Gotham 
Audio Corp. literature On the Neumann 
U-67 microphone. 
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Figure 2, An omnidirectional mic such as 
the Shure SM76 can be used even this 
close to an instrument without proximity 
effects. 



is often significantly smaller ami slimmer 
than the canlioid, so at closer workinp; 
distances, it is less likely to get in the 
musician's way. We find that at the 
extremely close working distances that 
the onnii niic permits, tiie ratio of 
wanted to nnwanted sonnd is so great, 
that the ofT-axis rejection of the cardioid 
type of p:ittern is no longer important. 
Remember, tiie cardioid niicrojihone 
docs not think. It has been programmed 
to reject certain sounds not because 
they are unwanted by you, but because 
the\- are olT-axis. And \ iiu pay for the 
lirogrannning. Witli the omni mic, you 
don't get the off-axis rejection, but you 
don't need it eitiior since the on-axis 
(desired) sound is now so loud at tiie 
close-in working distance that the ofT- 
axis signals are efTectively masked. 

And, of course, tliere are applications 
where separation is irrelevant, or wiiere 
a wider acceptance angle is important. 
On vocal overdui)S, the onmidirectional 
liattern is a big help if the singer tends 
to move about in front of tiie micro- 
phone. And of course, the onnii is less 
sensitive to iwpping. ^'ou can demon- 
strate this witii a microphone such as 
the Neumann type 86 or 87, which 
contain dual cardioid elements. The 
user can derive an omni pattern iiy 
means of a switch which puts the ele- 
ments in phase with each other. (The 
figure 8 pattern is achieved by switching 
tiie elements out of piiase, and the 
cardioid pattern uses only the front 
element.) In the omni |Xjsition, any 
iwpping problem will be somewhat 
reduced, although for maximum effcc- 
ti\eness, a true omni-only micropiione 
is recommended. As an additional 
bonus, the true omni microphone often 
has a smoother overall rcs;x)nsc and an 
extended high end. 

For some weeks now I iia\ e been ex- 
perimenting with a typical omni di- 
rectional microphone, the Shure .SM76. 
I chose this mic for a guinea pig for 
three reasons, none of which were 
lerriblv scientific. It was small it was 



cheap and I knew absolutely nothing 
about it, other than the first two 
reas(3iis mentioned. On many occasions, 
it has bailed me (nit of some ver\- diffi- 
cult situations that could not be handled 
1)\- a cardioid niicr(i])hone. .\nd for- 
tunately, it also turns out to be an ex- 
cellent general purixise mic, well worth 
a try in any modern studio. 

As a [lostscript on the sul)ject of 
close miking, some manufacturers rec- 
ommend using a wind screen, or jxip 
filter, on all close-in pickujis, even if it 
is not acoustically re(]uired. Kspecially 
in studios located in smog centers (you 
know where they are) there is a certain 
amount of dirt in the air. Moisture from 
a too-close singer or brass instrument 
easih- finds its wa>- into the microphone, 
carrying with it any dust and grime 
in the area. The pop filter serves as an 
etTective barrier for [xillution as well as 
ixips, and may keep the mic out of the 
rejMir siiop for a long time. 

And, in any discussion of close- 
niiking, with or without omnis, some 
attention should be |iaid to the dif- 
ferent perspectives one may achie\e at 
various working distances. The classical 
repertoire is generally recorded at maxi- 
numi working distances. Here, one 
argument against close miking is that 
the listener hears too many of the so- 
called production noises of the instru- 
ment. A violin which sounds pleasantly 



mellow may become more strident as 
the mic is mo\ed in closer. Or a flute 
l)ick-up will become too breath\-. 

Of course, in the ix)p scene, distant 
miking is rarely considered, so dif- 
ferences are between close and closer, 
miking. .As a mic is moved between a 
few feet and a few inches, there are 
apt to be significant changes in per- 
cussiveness, string noise, articulation, 
frequency balance within the instru- 
ment, and so on. This changing jjerspec- 
tive must be considered, as most likely 
different settings of ecpialization, limit- 
ing, or echo will be suggested as working 
distance is varied. Idealb'. the optimal 
working distance for the required de- 
gree of sejxiration will give a suitable 
sonic persijcctive too. Practically, it may 
not, so one must expect to make adjust- 
ments at the console as working dis- 
tances are varied. The equalization that 
sounds good at two feet may no longer 
be right at 6 inches. 

Careful consideration of the many 
variables associated with good micro- 
phones placement is an imjiortant part 
of achieving the best sound possible. 
The omnidirectional microphone is no 
more the answer to every pick up prob- 
lem than is the cardioid. However, 
everv well-equipped studio should seri- 
ousK' evaluate the characteristics of the 
omni to sec if its particular adx antages 
cannot l)e put to good u^e. 



Get a ^295 tape timer 

An impossible dream? 

Not when you buy the Studer A-62 studio tape recorder. 

It's got every feature you've ever looked for in a professional tape recorder 
—plus others you'll find only in ours. Like the tape timer. It's nof the famous 
Lyrec TtM-4 you know so well. This one's built in to the deck. 

To get a direct reading in minutes and seconds, just run the recorder, 
even at fast speed. (The Timer's accurate to within 3 seconds in a V2 hour 
tape.) In the time it takes to rewind, your program will be timed. 

We've also developed an electronic forward 
regulating servo loop that keeps the tape 
tension constant— regardless of reel size. 
Even the smallest reel hub won't cause any 
problem. So there's no speed variation, no 
need for reel size switching, and no varying 
tape tension. Ever. 

And the Studer A-62 practically takes 
care of itself. It's precision-made by the 
Swiss. So it will run like a dream. A not-so- 
impossible dream. - 
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Sound with Images 



MARTIN DICKSTEIN 



SLIDES 

• AI'UT ail ;iii(lio-\ isii;tl inslallalion has 
l)i'iMi iiiadi'. the clii-nl iiia>' l)ej;in to riii> 
inti) sitiiations with « hicli hi- is not 
familiar and ivliich he did not expect 
herause there was no nienlion made 
during the consiilliiif; stages prior to 
c<|nipmeiit jiurchase. It can he very 
heli)ful for the wise a, v supplier- 



db 

Binders 

only $4.95 
postpaid 



installer to he familiar with several 
aspects of slides, the dilferent moiint- 
int^s used for \ arious rea.soiis and ecuiip- 
ment, and the effects that niinht he 
seen, as well as one or two difficiilties. 

The most coninion slide mounting is 
the cardboard holders supplied liy 
almost all of the photo shops. This 
method is the simplest and is ustially 
snffirienl except that the slide mnst he 
lumdled carefully as the tilm is e.\[xised 
on hoth sides and is thus viilnerahle 
to fingerprints, scratches, and advise 
storage conditions. Heat and humidity 
play havoc with the emulsion and can 
ruin a slide in a short time. .Also, pro- 
jection of a slide, mounted in this 
fashion, with a particitlarlv hot source 
could cause the slide to ])Op. 'i'his conies 
ahout as a result of the emulsion 
shrinking more than the base side of 
the film, causing; a dishing out of the 
film with the concave side toward the 
projection lens. One method of pre- 
ventinj; this is to hold the slide in the 
nioitnt with a slight concavity on the 
side of the emulsion, .\nother is to 
mount the film hy sonie other method. 

.\nother mounting methtxl pro\-ides 
glass to keep the slide from [xipjiing. 
One way is to laminate, or fasten, the 
film to one piece of glass. This is done 
on the emulsion side of the film with the 
base side of the film lest ex[x>sed. The 
film-glass laminate is now mounted in 
a holder. With this inethcKl, one side 
of the fihn is ex|)osi'd so care must be 
taken in the handling of the slide to 
l)revent scratches and finger prints, 
During projection, however, the film 
is kept flat hy the glass yet is allowed 
to remain cool In having one side un- 
covered. 

.Still another method h)r mounting 
slides is in a metal frame or hinder, 
l-'or this process, the film is first put into 
a mask made to hold the film in small 
labs. The mask is then jilaced between 
two pieces of glass cut to precise size, 
and then the entire assembly is slipped 
into the metal binder which has three 
holding sides (channeled) and one half- 
open side. The fit is snug and some care 
must be taken to avoid breaking the 
glass. The top of the picture is inserted 
first with the aliiminized side of the 



mask toward the three-channel side 
of the holder. This method protects 
both sides of the film from being marred 
b\- scratches or (ingerprints. permits 
a little rougher handling, and allows 
the slides to be kept in \'arioiis t\ ]>es of 
boxes or cabinets f(jr easier reference. 

There are certain tyjies of slide 
projectors that provide random access 
to several trays (mounted one above 
the other in a special housing) with each 
tray holding up to a hundred sli<les. 
The.si' trays provide a different type of 
metal slide holder and therefore require 
that the slide be mounted dilTerently. 
(However, this docs not mean that the 
slide mounted in this manner cannot be 
used in other tyjies of travs or slide 
projectors. It can, but without the 
special metal binder.) This process also 
has the film mounted in a mask, and 
again between two pieces of glass, but, 
instead of now putting the assembly 
into a holder, the edges of the glass 
are bound in ta|)e. The assembly is 
rolled firmly and evenly along the 
center of half-inch taix; until all sides 
are enclosed, lixtrenie care must be 
taken to be sure that the tape is even 
all around (no e.xtra thickness due to 
overlap) and that the corners are 
mitered to prevent loose edges from 
sticking out and catching in the pro- 
jector causing a jam-up. This mount 
allows freer handling of the slide without 
daniage to the fihn itself. 

.■\s a result of the different types of 
available slide mounting, certain pre- 
cautions must now be taken to assure 
IirojKT operation during projection. The 
simple cardboard mounting ends up 
with a slide that is thin in its profile. 
If thin glass is used in the nietal-binder 
process, the profile of this finished slide 
will also be thin. However, where 
thicker glass is used, or where the tape 
is ])ut around the slide-glass assembly, 
the final profile is thicker. Care must 
be taken in the tray used to hold the 
slides during the projection or trouble 
will result. Certain trays (the black 
ones among others by different manu- 
facturers) are made to take only the 
thinner slides. The gray trays are 
called I'niversals and are made to 
operate with the thick as well as the 



Heavy-welsht binders are now available to 
hold the thirteen issues of Volumes 1 and 2. 
Rich brown leather-grained virgin vinyl, 
with our name printed in black on the spine 
and front cover, is electronically sealed over 
gid board to give your volumes of db 
asting protection. Keep your copies pre- 
erved in perfect condition, protected from 
dust and damaqe. 
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thinner slides. 

Certain piienomena will l)e noiiml 
duriii)? projection of a slide wliicii may 
api)ear only inlfrt-sting to thf rasiial 
observer, (|uite dislurbin); to the per- 
fectionists, [X'rliaps eniharrassin;; to 
the s|)caker givinf^ the presentation, and 
of importance to the person in charge 
of the slides and e(|uipnieiit of the 
facilit)-. One such occnrrance is the 
appearance of water spol.s. 

When glass-honnd slides are pro- 
jected iMuier high heat sources, there 
is a certain amount of moisture evap- 
orated from the emulsion of the film. 
This moisture condenses on the inside 
of the glass and on the t"ilm. .Sometimes, 
the s|xjl will dis;ippear wiien the slide 
heats through and the condeiisitte re- 
evajKjraies. However, there will he 
occasions when the moisture will re- 
main in one s|K)t. This spot will swell 
and spread out as the heat increases 
during i)rojection. and litially remain 
as what appears as a dirt-s[X]t on what- 
ever part of the picture it happens to 
have formed, (.'oiiiiniious preseniuii<)n 
of slides with condens;ition taking 
place may eventually ap]>ear clouded or 
smoke)-. .\ll such slides should be 
cleaned anfl re-mounted jieriodicalK" to 
extend their useful life. 

Another visual phenomenon seen 
with glass nioinited slides is kn()vvn as 
Xewlon rings. These ai)|X'ar as oddl\' 
shaiKxl rounded rainbow ixitlerns wliich 



e.\pand and move as Ihey iieat up 
during projection. Tlie.se are caused l)\- 
imeven contact between two adjacent 
e.NtreineK smooth surfaces causing light 
interference patterns at the points of 
contact. The name conies from the 
studies made by .Sir Xewton of the 
effects pr<Kiuce(l l)\- a thin film of air 
between the conve.N surface of a lens 
and the flat surface nf a plane piece of 
glass. I'heelfect is similar to a thin layer 
of oil on water. The thickness of the 
layer will determine the color seen, diu' 
to the fre(]uenc\ of the interference 
patterns caused by retlecti<)n from the 
lop of the layer and the bottom, or 
water-oil surface. Where reflected ra\ s 
are in phase lhe\- will reinforce. When 
they are out of phase they will tend to 
cancel out. With monochromatic light 
of a [Kirticular fre(]uency incident on the 
layer, certain elTecls will result. Dif- 
ferent frecpiencies of incident light have 
different effects. White light, a mi.vture 
of all the colors, has still another effect. 
This is the one seen in projectors. 

When these rings prove anno\ing. 
there are certain preventive measures 
that can be taken. In the mounting 
process, if the slide must be masked 
olT for an\- reasDii to avoid showing part 
of the tilni during projection, the mask- 
ing must be done carefulK' without 
buckling the him. .Also, the film should 
not be fastened down lirmU' (with 
ta])e, for instance) on two opixisile sides 



to allow for some e.xpansion of the filni 
during heating. .Also, there is available 
an anti-.\'ewton-ring glass which can be 
used for mounting. This glass is made 
with a slightK- roughened surface to 
prevent the rings from forming. (It is 
(xissible, however, that in rare cases, 
when the illuminating source is of high 
intensity and the screen image is very 
large that a little of this roughness will 
appear in bright areas to observant 
\iewers sitting I(m) close to the screen.) 
For those who wish to, they can pur- 
chase a \ery line abrasive jxiwder and 
appK this carefully and lightly to the 
inside surfaces of the mounting glass, 
making sure all e.vcess is carefully and 
I'omplelely washed and wiped off before 
mounting. The minute scratches on the 
glass iiia\- help alleviate the ring situa- 
tion. 

I'tiderall circiunstances, howe\ er. the 
storage of the slides is of utmost im- 
[Kirtance. .Slides should be kept in a 
cool, dry place and iii the dark. Cracked 
glass should be changed as soon as 
IKissible, and all slides should be wiped 
clean (with a white lintless cloth or 
cloth) before placing them into a tray, 
or storage cabinet. Tai>e should be 
checked regularly to prevent jamming. 
Moisture-absorbing materials should be 
used in the slide storage area to jirevenl 
excess humidit\- from creating problems 
unseen until the slide is being presented, 
because it is then loo late. 
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Transformer Elimination 



ALLAN P. SMITH 



Are transformers necessary in audio control 

consoles? The author makes a case for 
their elimination and details the advantages 
that this elimination can bring. 



THANSKOHMERS HAVK BEEN UTILIZED ill professional 
audio equipment to such an extent that they have 
become an integral part of preamplifier subassem- 
blies. Typical microphone preamplifier or line 
amplifier suijassemblies have both an input and an output 
transformer. Often there are as many as four amplifier 
subassemblies in tandem in an audio control console. This 
means that the audio signal must go through as many as 



Allen P- Smith is a coitmltaut in electronics operating from 
Maitland. Florida. 
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Fisure 1. The total harmonic distortion of a typical 600:600 ohm 
high-level transformer. 
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Figure S. The t.h.d. of a typical 600:600 low-ievei transformer. 



eijjlit transformers as the signal ])asses tiiroiiKli tlie console. 
V\"h\' do we need tliis many transformers and how do tlicy 
alTert console [wrforniance? 

The ty])iral microphone line preaniijlilier used today con- 
tains a step-up transformer at the input which matches im- 
pedances of 50.130 or 600 ohms to a secondary imjiedance of 
15k ohms. There is an output transformer which steps down 
from 15k ohms to 600 ohms. When \aciiuni-tul)e circuitry 
was in use, hi^h tm])edances were necess;iry to match opti- 
mum oiJerating [loints of the tube circuitry. Transistors are 
low-inijx.'dance de\ices, yet designers still insist on design 
tcchni<iues that were valid for vacmtm tubes. 

Why are these transformers necessary? T'irst of all, the 
typical microjihone preami)litier must also serve as a line 
amplifier so that the same amijlitier subassembly ma\- be 
used in any imrt of the console. 'I'his requires that input 
impedances of 50 and 150 ohms are necessary for microphone 
inputs and a 600 ohm input is necessary for the line input. 
A 600 ohm outimt is necessjiry to match the 600 ohm input 
of the next amplifier. .Mso typical aii<lio control consoles are 
so arranged that the operator ma\' patch in or out of any 
|K)int in the console for use with auxilliary ecuiipment. 

The functions i)erfonne<l by a transformer in an audio 
control console are as follows: 

1. Imjx^ance matching through step-up or ste])-down con- 
figurations. 

2. I'limination of radio frequency interference pickup on 
input lines. 

.S. Isolation of ground iiotentials between ])ieces of e(|uii> 
nient. 

Impedance matching of input ami out|>ut circuits is critical 
in many of today's transistorized console jireampliliers. 
Input circuits of these amplifiers usually use a common- 
emitter circuit configuration in which the lowest noise figure 
for the preamplifier is reached when the input imijedance is 
between 10k and 15k ohms. Thus, in order to achieve the 
lowest noise figure for the preamplifier, a step-iip transformer 
is reiiuirMl for |5ro|x;r imi)edance matching. .Step-<lown trans- 
formers are used at the output of the preamiilifier to match a 
15k ohm output to a 600 ohm tine imiiedance. This type of 
design clearly indicates that many circuit designers are still 
thinking in terms of vacuum tubes. 

.American console designers are accusteimed to thinking 
in terms of an exact match of 600-ohm imixrlances because 
they think in terms of dHm and maximum [5ower transfer. 
In au<lio control consoles, preamplifiers are voltage amplifiers 
and [xmer transfer is of no concern. (lenerations of mis- 



understanding have |K'r|K'tuated the m\'th of dBm and power 
transfer in audio consoles to such a degree that many console 
designers cannot ditlerentiate l)etween science and witch- 
craft. If two amplifying units are to be connecte<I together 
and the ininit or lo;id impedance of the second unit is e(]ual 
to or greater than the source or output impedance of the 
first unit, full voltage transfer will result. However, if a cir- 
cuit can be designed so that the load imiiedance is at least 
10 times the source imiiedance, any variations in the load 
imi)e<lance will not afTect the voltage transferred. This hokis 
true all the way from microphones to line in|>uts. If an ampli- 
fier were to be designed with a 600-ohm input im|>edance, any 
s(nirce impedance from a 50 ohm microphone to a 600 ohm 
line could be matched without a transformer unless the 
voltage gain obtained through a step-uj) transformer was 
required. The same holds true for the output imjjedance of an 
am])lifier. If the loati is to lie 600 ohms, an amjilifier outi)ut 
im])edance of 60 ohms or lower will assure full voltage trans- 
fer if the 600 ohm load should vary. 

Radio-freiiuency interference pickup on input lines jxases 
another problem. Many audio control consoles are operated 
in the middle of horrendous fields of radio-fre([uency inter- 
ference. A properly designed radio-freijuency interference 
filter installed at the input of each console line should elimi- 
nate this problem. However, if balanced lines are used to null 
out interference iiickup, transformers must he used. 

Isolation of ground ix»tentials lietween pieces of ecjuipment 
requires considerable measurement and investigation. If 
each i^iece of e<iuipment to be used can be checked out and 
]Mitentials between signal output minus terminal and the 
e(|ui]inient chassis are eliminated, a common grounding sys- 
tem for all equiiiment can relieve the re(|uirenient for trans- 
formers between eiiuii>ments for this ])uri>ose. One common 
but often overlooked source of a ground Uxij) between equip- 
ments is the three-wire jxjwer cord. 

Ideally, if an amplifier could be <lesigned that would de- 
cou|)le grounds with the facility of a transformer but without 
the compromises associated with a transformer, the trans- 
former would not be necessiiry. The design of such an ami)li- 

lier wotikl eliminate the following deficiencies of transform- o- 

<r 

ers:' ^ 

1. Klimination of cost. ^ 

2. l-'limination of bulk. -p 
l-'limination of weight. 

4. lilimination of distortion. 

5. l--liniination of fre(|uenc\' discrimination. ;q 
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Figure 3. The timplifier «s described in the text, Including the modifi- 
cations. 



6. ICliminatiim of phase shift. 

7. I'lhniinatioM of iiii|ii-(hiiHv hmilalioiis. 
K. I'liniitiation of anihieiit pickll|). 



Distortion in a transformer? That (|ilestioil was raised by 
an wlitorial re\ie\ver for a leading professional engineering 
societ\- journah It is obvious that tlie gentleman had never 
bothered to measure a transformer. The results are startling. 
First of all, almost all professional audio control consoles 
utilize a 600:000 ohm isolation transformer for high level 
inputs. FiGf Ki£ 1 shows the total harmonic distortion measure- 
ments made on a typical 600:6(H) ohm high level audio trans- 
former. The manufacturer claims 10 to 50, (XX) llz resiioiise 
and a maximum level of +15 dBni. Measurements were 
made on this transformer at +4 (IHni. -10 dUm, and -20 
dBm. It is obvious from this information, that the total 
harmonic distortion generated by a typical high level trans- 
former operating at a signal level of —10 to —20 dUm. is 
sufTicient to mask the lack of distortion in the rest of the 
console. For comparison, a low-level 600:600 ohm trans- 
former which might be used at microphone levels was meas- 
ured. 'J'he measurement results are shown in I"u;i'ki-; 2. It 
is obvious that low-level transformers do not generate the 
distortion associated with passing low levels through a high 
level transformer. 

How do we eliminate transformers in a professional audio 
control console? .An electronic device that would accept input 
and output grounds of dilTering voltage [xitential, and would 
provide a signal output that would track the input signal 
voltage changes on a 1:1 ratio, could proixrly be defined as 
an active isolation transformer. The described device would 
fulfill all isolation nee<Is within a complex control s>'stem, 
thereby eliminating the re<iuirement for transformers — and 
since no inipe<Iance transformation is involved with low- 
imix?dance dev ices in the described application, a solid-state 
amplifier would only retjuire one acti\'e isolation transformer 
to satisfy- the grounding decoupling re<|uirenient. However, 
an active isolation transformer cannot be exjiected to isolate 
IKJtentials of 120 x'olts between pieces of etiuipment. ()nl\- a 
transformer will iierforni this function. 

The amplifier shown in F-'loi ku 3 is the basic amplifier 
previousb' described in the October 1965 issue of the Journal 
of the Audio Fngineering Societx'^, with mcKlification. This 
modification as tiescribed herein, deteriorates in no way, the 
performance or characteristics previousK' described. 



VI 



VD 



V2 I 



Figure 4. The equivalent circuit of Figure 3 viewed as a signal 
analysis. 



Rearraitgement of the fundamental circuitry allows the 
amplifier to perform as if coupled by an external transformer 
at the input (with regard to low-freijueucy ground decoiq)- 
ling) with no other change in the o|)eration of the amplifier. 

In order to achieve grounding isolation between input and 
output, the signal minus is severed, and a capacitor is in- 
sertetl between the two. The capacitor maintains the previous 
Configuration at high frequencies, but leaves the input 
isolated at low frequencies ami d.c. (Complete isolation at all 
frecjuencies was not attempted because of the interelectrode 
capacitances involved). This circuitry allows the input sec- 
tion to be grounded through the signal source without causing 
the normal ground loops. 

.As illustrutecl in Fiodre 4 (the ecjuivalent circuit of FicrKK 
.?), the signal source (Vi) is connected to the amplifier input 
loading resistor (Ri) with both + and — leads, with the 
grounding being accomplished at the source location. The 
e<niivalent resistor (R^.) represents the parallel combination 
of Rj and R:i of I'icckk Rj is the equivalent of Ri and Rs 
o( Fl<-.i kh 3. and the current source 1 1, represents the input 
transistor of I'iiilkk 

The eipiivalent circuit of I'ic.i kic 4 clearly indicates only 
tsvo connectitms between the input and output stages: first 
stage output and feedback path. 
Voltage \\. is a division of the output voltage V:i: 
\:. 

la = •— Va = I2R2 I-:quation 1 



Rs + R. 



R2 



\'. = V:. (- 



I'j [nation 



R:. + R.. 

The voltage \'d is shown as the cliffereiice between the input 
voltage \'i and the feedback voltage V-. 

Vd = F<iuation 3 

The current source i 1 is shown as a function of this voltage 
\'d. 

1 1 = f(\'D) I'^iuation 4 

The current, in actualit\-, is an ex|x)nential function of the 
voltage, but for this discussion, remains pureU- academic, 
since V'd must be zero for stabilized operation, as will be 
shown next. 

Current Ii, is fed directly into the output stage, which for 
derivation pur|X)ses, is assumed to possess infinite gain. 
(The actual gain is sufficiently large to allow this assumption 
without causing significant inaccuracies in calculation). 
For any value of \'d, the output voltage (\';i) is infinite. 
Therefore, V^d must equal zero. 
From e<iuation 3: 

Vd = O = V.-V. 

\'i = \'-2 lujuation 5 

Substituting into eiiuation 2: 
R2 

\'i = \'s = ( — ) F(iuation 6 

R3 + R-.- 
Rearranging eiiuation 6: 
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Va = K:i + = (".aiii of anipliruT 



l'.(|ii:iii(iti / 



\'. R. 

This c<(uation di'scriht-s tin- voitaijf jiMit uf the- ainplitiiT and 
i'iii]nri<al vfrififation has ht't'ii cstaMisiutl with ovi-r 500 
amplifuTs (ciiiiatioii viTsiis i'iiii)iriral varii-s li-ss than 1 per 
cent). 

'riifrefori', all assiiniinioiis, indicated pri'vionsK'. do not 
affect tilt- e(iuation sufTicicntly to l)c enipirit-alK- nifasnrcd. 
and the validitj of the o<|iiivak'nt circuit has i)cen cstahlishcd 
for the purjiose intt-ndt'd. Setting the input voltage 
e(]uai to zero, the circuit of I'icukk 5 results. 

The new signal generator rejircsents the unwanted 

signal introduced (hy long input leads). 
From e(|nation 3: 

\'d = \^-0 
\'d = \ j = O 

I2 = O and = O (with respect to i-L<iuation 8 

W 

l:i = l-'(juation ') 

R. + R.. 

To satisfy e(|ualion S, the output must increase to coin- 
15ensate for Vj which is: 
V2 = b X Rs 
R. 

V'2 = \\ { ) l:<Hiati(in 10 

Rj + R3 

Substituting the feedback equation (K(|uation 2): 
R. Ra 

V. = \'4 ( ) = \'a ( ) 

Rj + R» \i-2 + R;. 

\'3 = W I'l(|uation 1 1 

Therefore, the output voltage follows the iniwatilcd 
input signal (W) on a one to one basis, while at the same 
time, the output voltage (X'a) follows the input signal (Vi) 
on a ratio determined by ecpiation 7. 
R3 + R2 

\'3 = V, ( ) = \\ I'quation 12 

R2 

Rearranging equation 12. the ratio of the input signal 10 the 
unwanted signal is: 
V, = R2 

— l'!(|uation 13 

\\ R, + Ra 
The equation indicates that the ratio of these signals, or the 
isolation of the amplifier, is identical to the voltage gain of the 
amplifier (equation 7). 

Therefore, any unwanted signal, as a result of differences 
in ground potential between input and output, is attenuated 
by an amount equal to the voltage gain of the amplifier. 



Figure 6. A Functional diagram oF a balanced console output 
without transformers. 



W herever design consi<lerations normally woul<l reipiire 
the use of a transformer for grinmd decoupling pur])oses. the 
enijiloyment of this amplifier performs the decoupling func- 
tion while simiiltaneoiisK i>erforniing an amplifier function, 
f or cNamjilc ;i l)ri<lging function can he accom])lished. with 
groiHiding isolation. niereK' by inserting a series resistance 
between the amplifier and the source to be bridged. All input 
inipedaiue restrictions are. of course, eliminated with the 
elimination of all transformer requirements in this function. 

Hranching circuits, mixing circuits, and mi.\-down circuits, 
all can be in(le|>endently isolated without the cmplov iuent of 
a single transformer.'' 

The amplifier described here has an output imi)odaiu-e of 
6 ohms and may be loaded by WK) ohms or higher. A variation 
of this amplifier is called a Zero Amp mi.\ing amplifier. Its 
ojierating characteristics are identical to the standard ami)li- 
fier e.\cept that it provides 180 degree phase reversal and 
when used with a series 10,7k ohm resistor i>rovides phase 
reversal at unity gain. The combination of the standard am- 
plifier and the Zero Amp mi.xing amplifier, as shown in 
FioiiKE 6 will provide a balanced console output without the 
use of transformers. The imdistorted |K)wer outi>ut of this 
combination is +24 dHm into a 6(X)-ohm load. 

The following performance measurements indicate the 
performance cajKibilities of this transformerless console 
concept. ^ 

.Signal to noise ratio 80 dB. 

( — .SOdlini. input for +4 dBm out) 
I'requency response ±0.1 dH. 

(20 Hz to 20kHz) 

Total harmonic distortion I'nmeasurable 
(20 1 Iz to 20kHz) 

Intermodulation distortion -0.^% 
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A Switching/Summing Amplifier 



WALTER JUNG 



The component described has many uses, 
paramount among them is its function as part 
of an electronic music synthesizer. A 
complete parts list is included. 



WITH THE INCREASING POPULARITY of electronically 
generated or controlled wavefomis, be it music, 
sound or whatever, a definite necessity arises 
to have complete capability of s>'steinatic 
programming, switching and otherwise manipulating various 
voltage sources. As an example, if electronic musical ex- 
pression is to de\ elop to its logical end the ultimate hardware 
involved will out of sheer necessity probably involve some 
degree of computer control — otherwise the array of controls 
would be staggering for even the simplest tones. A realistic 
degree would use the computer as an interface element be- 
tween artist and tone generators, etc. The performer could 
program his desires into the machine and the computer 
arrange the correct combination of oscillators, modulators, 
gates, shapers, and so forth to generate the desired output. 
Thus, the menial switching and so forth can he done on a 
large scale — a scale which would he inconceivable for a man 
to accomplish, and the artist is free to perforin creatively 
without the cumbersome burden of the machine's mechanics. 

A basic piece of hardware to such a system is a waveform 
gate, switcher, or se<iuencer with capability of control by 
standard digital logic levels. This item would take any num- 
ber of input channels and select by digital command any or 
all of the various inputs into a common output channel. r?y 
appro|)riate time sharing techniiiues various kinds of modula- 
tion can be easily performed, with the mechanics of the 
modulation being done at the digital level where a large 
variety of standard, inexpensive logic modules are available. 
A system of this sort theoretically has no limitations as to 
degree of complexity or vers;itility — the constraints that do 
exist are only practical ones. 

A few brief points summarize the functional characteristics 
of this module: 

Inputs: Any number of input channels, I to n, each 

standard level, 600-ohm line impedance. 
Output: One, standard level, 600-ohm source impedance 
Control inputs: One for each input line, A logical one 
^ plus 5 volts) inhibits signal transmission. A logical 
zero (ground level, current sinking) enables signal 
transfer. 

Switching time: For high speed tnodulntion or gating, 
switching time should be about 10 jas for either on or ojf 
transition. 

Isolation, insertion loss: An off channel should exhibit 
^60 dH of attenuation to an input signal while an on 
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channel should ha\'e a 0 dB insertion loss. As an option, 
OH insertion loss should be capable of being trimmed 
±a few dl) to match channels. 

Frequency response, distortion: In on state, frequency 
response and distortion characteristics of input signal 
should remain unaltered. No switching transients of 
control signal should be transmitted to output. 

Other Objectives: Use of inexpensive, readily available 
components in an easily relocatable circuit configuration 
is highly desirable. Eventual conversion to ic format 
would be useful. 

OUTLINE OF APPROACH 

With the previously listed objectives in mind, the block 
diagram of Figure I depicts the various components inter- 
connected to fulfill these goals. liach input line is buffered 
by a high-input/low-output impedance emitter follower which 
allows bridging of lines (if desirable) and provide a low 
source impedance to the switching element(s). 

The digitally controlled switches are series operated 
transistors which are effectively either on or off, the state 
being under control of the digital control lines. 

The output of all switches feed a common current summing 
bus and summing amplifier. At the output of this amplifier 
appear all input lines which happen to be on at a given instant 
in time. In a case such as two or more on channels, the output 
is the algebraic sum of the inputs with a scale factor of 
applied to each (each input is 0 d 13 insertion gain, non- 
inverting). 

Thus, this device can either sum any or all input channels, 
select a single channel, sequentially switch a number of them 
or even prox'ide random access programming. And all of this 
is continuously under control of the digital lines — ^all of the 
channels have a common control voltage sense, 0 volts 
d.c. or ground equals a switch on, and a H-5-volt level is a 
switch off. Since these two voltages are standard ttl logic 
levels, this allows direct interfacing with any common com- 
puter-ty[5e hardware — flip-tlop, gates, even high order 
functions such as msi or lsi complex arrays, .\lthough thi s 
article cannot begin to illustrate the \'arious and extensive 
applications that are jxissible using logic control, a few of the 
basics will be shown with the hopes that it might serve as a 
starting iwint. 

CIRCUITRY 

The circuitry involved in this device is shown in Figure 2. 
The three basic parts of a single switcher/summer are shown 
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here; input buffer, digitally controlled switch, and siiniming 
amplifier. Th e summing amplifier is used once per system 
and the othe r two circuits repeated as many times as there are 
channels in the system. 

The input bufTer is merely a simple emitter follower, long- 
tailed to the negative supply to provide optimum linearity. 
'I'he variable bias connection shown (R3) is provided to 
adjust Qi's emitter potential to exactly match Qs. With all 
input c hanncis at the same static potential, there will be no 
switch! n g thump as various channels are switched in and out. 

The d igitally controlled series switch uses the variable re- 
sistance properties of a field effect transistor (iet) as the 
control element, and translates the input voltage into a 
proportional current to be summed in the following summing 
amplifier. Since the on state resistance of common fets 
is quite variable (both initially as purchased due to produc- 
tion tolerances and as a temperature drift) a fairly high 
swamping resistance (Rr, & r is used in series with the fkt 
to minimize these variations. For the device shown, Ron 
max is 500 ohms, so the amount of resistance shown provides 
at least a 10/1 reduction in this ])arameter's sensitivity. .-\nd 
by making a portion of this resistance variable, the individual 
device variations from ff.t to fet can be adjusted out and 
each channel set to exactly 0 insertion gain in the on state. 
The control \oltage to drive the fet is by necessity bi])olar, 
so the driver circuit of O3-O4 and their associated com- 
ponents is used to translate the 0- to -|-5-volt computer talk 
into FET language. 'This effectively links the switch's on 
state to the sense of the digital control line. A 0-volt signal 
at the control line robs current from Q3, and Q4 switches off, 
driving the gate of i)2 positive. The jwsitive level on the 
gate turns the channel resistance on, passing current through 
the switch and into the summing jimction of the next stage. 
For the oi)]x>site state (off) the sequence is reversed, Q3 on, 
Q4 on, and Qi off inhibiting current transfer into tlie sum- 
ming amplifier. Since both the input and output circuits of 
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DIGITAL CONTROL LINES 

Figure 1. A block diagram of the system needed to fulfill the goals 
set in the article. 

this stage are d c. coupled via the emitters of Qi and Qs these 
d.c. ]X)tentials must be eciual. which is the reasoning behind 
the aforementioned R3. .As a result there is no transient 
thump or bounce when channels are switched in and out and 
all input channels are transmitted to the output without a 
d.c. pedestal. 

The simmiing amplifier is in reality an extension of a tech- 
nique previously described 2, *, ' with an output buffer 
amplifier and 600-ohni termination. The grounded base 
transistor Q5 serves as the summing junction for all incoming 
switched signals and translates the composite sum of these 
input currents into a voltage across the 5.1k collector load. 
Since this value of resistance is eciual to the total value of the 
switch resistance, the input current provided by each input 
will develop the same voltage across this common resistance, 
resulting in a 0 dlJ net gain. The Darlington emitter followers 
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Figure S. The schematic of the three pacts that make up the system. 
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Fisurc 3. An input buffer with limplifled biasing and line termina- 
tion. Note that to use this version delete Ci, Rs, R3, R4 from the 
parts list at the end of the article. 

Q« and Q: are straightforward and the essentially zero im- 
pedance output of Q7 is source terminated for a 600-ohm 
Zo. The direct output is available for applications not re- 
quiring a source termination. 

A power supply for the system is illustrated Figure 4 
which will suffice for small scale applications. To plan large 
systems the current requirements are: buffer amplifiers — 5 
mA, switches — 3mA for high level input, 1 mA for low input, 
summers — 15 m.-\. Regulation is not extremely critical, but 
ripple should be low, preferably 1 mV or less for good s/n and 
the two levels would like to be balanced (+v = — v) for the 
biasing shown. 

APPLICATIONS 

To illustrate the performance of this circuitry the following 
section is devoted to actual measured performance data 
on a two-channel version of a switcher/summer. Later on 
some suggested ideas will be shown for other possible applica- 
tions. 

Perhaps the most stringent performance parameter that 
a switching device must meet is its isolation in the off state. 
Figure 5 shows a curve of isolation versus frequency in the 
range of 10 Hz to 100 kHz. Below 10 kHz the isolation ex- 
ceeds 60 dB which is quite respectable for a plastic economy 
FET. The loss in isolation above 10 kHz is due to capacitive 
feed thru across the switching device. Figures 6 and 7 also 
illustrate on/off ratio, as they show two waveform photos of 
alternate cycles of full on to full off, with Figure 7 showing 
an expanded scale of the residual feedthrough. 

To show the fast switching capability. Figure 8 shows a 
composite output waveform of alternate sine and triangle 
waves of two sources with difTerent amplitudes. For the 
purposes of demonstration, the source used was a dual-output 
function generator, but it should be noted that any sources 
can be used, either harmonically related or asynchronous. 



Figure 5. A graph showing switch isolation p 
plotted against Frequency. 
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Figure 4. The power supply. 

Figure 9 shows a single function with another function being 
gated in summation periodically. This illustrates both sum- 
ming and gating. 

While these waveforms do illustrate the capability of 
switching between waveforms, the real versatility of a device 
such as this comes to bear when a few applications are en- 
visioned. One of the first to come to mind is an multiplexer 
which sequentially scans various inputs and delivers a serial 
output waveform. Or, a simplified version might be a two- 
input sampler driven by a flip-flop, which would cause the 
output to toggle back and forth between the two sources. 

An all-electronic fader, control could be realized by con- 
trolling the switch with an ultrasonic frequency, the duty 
cycle of which is variable. As the duty cycle increases, the 
output would increase proportionally. As the duty cycle 
is lowered, effective output would be reduced. By driving a 
second channel with a complementary signal, a cross fade 
would be made between two different inputs, since one 
signal would be increasing as the other was decreasing and 
jijce versa. 

If special waveform processing technitjues are applied to 
an input signal and this processed output used as the gating 
drive, some unusual responses can be effected. Threshold and 
peak detectors, waveform shapers, etc. can be used to imple- 
ment a variety of special effects. One rather simple example 
would be a burst generator, which could be realized by using 
the zero-axis crossings of the input waveform to clock a 
counter and deliver a predetermined number of output 
cycles or burst. 

SUMMARY 

This article has attempted to describe a practical approach 
to a combination audio waveform switching/ summing device 
which can be readily interfaced with common digital logic 
hardware. This brings about a marriage between two sys- 
tems: the analog control of a signal line and the digital ele- 
ments which command this control. By defining the control 
sense of this communication link in digital terms, large scale 
manipulation and synthesis can take place on the digital 
level, where it is best afforded. 
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Fijure 6. Gated sine wave source, 2 cycles on, 2 cycles off. 0.2 
milliseconds cm horizontal, 1 volt/cm vertical. 



i 




Figure 8. Alternate switchinj between two sources — sine and 
triangular waveforms, 0.5 millisecond'cm horizontal, 0.5 volt/cm 
vertical 



Figure 7. Expanded scale to show switch Isolation — input to switch 
is 6 V p-p sine wave and switch Is in off state, 0.2 milllseconds.cm 
horizontal, 5 millivolts/cm vertical. 




Figure 9. A continuous triangular waveform with higher amplitude 
sine wave gated in Jummatlon for 1 cycle. 0.2 milliseconds/cm 
horizontal, 2 volt/cm vertical. 
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PARTS LIST 



Input Buffer: niiiltipK- the lielow ((iiantities hy the 
nuniljer of channels re(|uired i>er system — all reference 
designations |)ertain to Fk.ure 2. 
Item Description 
Ri 'termination resistor. 
.SOO or 600 ohms 
Rs.Ri 22k. i^w. 10%. carlum 
composition 
Rs 2.7k, i^w, 10%, carbon 

comix)sition 
Ri, Ik trininier pot, IRC-CT.S 

X201R102B 
t"i 5ii.f, SO electrolytic, 

Mallon,- MTWSCBSO 
yi 2.\'51,^2 npn Silicon 
transistor — 
Kairchild or .National 



Quantity Price 



S .10 



2 X $.10= S .20 



.10 



.40 



.17 



SI .36 



subtotal comixtnent cost 
Digitally Controlled Switch; multiply the below 
cluantities by the nunilwr of channels re<:|uired (as in 
above). All reference designations pertain to Fici-re 2. 



Item 


Description 


Quantity 


Price 


R, 


2.5k trimmer i)ot, IRC-CTS 
X201R252n 


1 


S .39 


Rn 


3.9k, l^w, ±10%, carbon 








com|xjsition 


1 


.10 


R8 


10k, ^w, ±10%, carlwn 
comixisition 


1 


.10 


Ro 


100k, j^w. ±10%. carlxin 
comix)sition 


1 


.10 


R 1(1 


2.7k, I4\v. ±10%. carlxMi 
composition 


1 


.10 


Rii 


5.6k. 'Aw. ±10%, carlwn 
coni|X5sition 


1 


.10 




1X914 or l.\414H .Silicon 








diode CiK or ITT 


2 X ..30 


.60 




l.\270 Germanium diode — 








GE or IT r 


1 


.18 




2X5459/MPF105 FFT— 








Motorola 


1 


.90 


03 


2N5138 pnp .Silicon 








transistor 


1 


.10 




Fairchild or National 








E\706 or 2X706 npn 








.Silicon transistor 


1 


.35 




P'airchild 







Sub total comix>nent cost 
Summing Amplifier: All reference 
I)ertain to Figi ke 2. 



S.3.11 
designations 



Item Description 
Cs.Ca 3.3 iif, 15\', tantaluin- 
Mallon,- TAG 
335K015P03 
C, 150 [if, 15\', eleclrolytic- 

Mallon,' MTV150CK15 
Ri3 5.1k, 3^%v, ±10% carbon 
comixisition 



Quantity Price 



2 X .63 SI. 26 



.48 



.10 



Ri2.Rh 10k, >^w, ±10%, carbon 

composition 2 X .10 

Ri3 Ik. ^w, ±10% carbon 

coni]X3sition I 
R,7 4.7k, i^w, ±10% carbon 

coni|X)sition 1 
Rin 500 or 600 ohms to suit line 

impedance 1 
QsQ-Qr 2X5132 npn Silicon 

transistor 3 X .17 

Fairchild or National 



.20 
.10 
.10 
.10 
.51 



S2.85 



Siib total coni[xjnent cost 
Power Supply: All reference designations pertain to 
Fic.rKE 4. 

Item Description Quantity 

T, 117\ a.c./24\'a.c. CT @ 1A 

Triad F-45X 1 
D,-D, 1 Amp, 100 PIV Silicon 

Rectifier I N400Z or 

equivalent — ITT, 

Motorola 4 X .36 

D.-„I)o 12\' ±20% zener, 500 

milliwatt 1.N5242 or 

eqnivalent — Motorola 2 X .67 
Ci.Ga 500 ^if, 75\', electrolytic- 

Mallory MTV 500CD25 2 X .42 
Ci,G< 150 nf, 15V, electrolytic 

Mallory MTV KSOCKKS 2 X .48 .96 
R,,Ro 180S2, i^W, ±10%- 

carbon composition 2 X .10 .20 



Price 
S3.77 

1.44 
.84 



Siib total comixinent cost S8.55 

Summary of costs Input Buffer SI. 36 

Digital Switch $3.11 

Summing Amp S2.85 

Power Supply S?.55 

Total SI 5.97 

The al)o\e costs rellecl the electronic coni|xinent cost 
rc(|uired to build one single-channel system. The price 
of a (I.e. board, chassis, or iKickage and miscellaneous 
hardware is excluded, since it can vary widely, de- 
jiending upon the number of channel.s. To calculate 
additional cost of electronics per channel, add S4.47 
]xr channel. .Since the above prices arc single jiiece 
catalog prices, volume buying or judicious selection 
can materially reduce the costs. 

Listcfl below are several distributors which carry the 
items necessary to build the unit.- — 

Cramer/Baltimore 

922-2.-\ Patapsco A\-enue 

Baltimore. Md. 212.30 

Newark Electronics 
500 N. Pulaski Road 
Ghicago, Illinois 60624 

Allied Radio Cor|»ration 
lOON. W^estern Avenue 
Chicago, Illinois 60680 

Hamilton Electro Sales 
8809 Satyr Hill Road 
Baltimore, Md. 21234 
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Primer on Methods and Scales of 
Noise Measurement/ Part 3 

WAYNE RUDMOSE 



This installment concludes the discussion of 
sound measurement equipment and goes 
on to cover physical measurements in noise 
control. 



To measure noises wliich change rapidly with time (im- 
pulse noises) special attention must be given to the entire 
system, i.e.. microphone, anipiilier, and output indicator. 
Consider two types of impulse sounds, the first heing the 
noise generated by a rille being tired and the second being 
the noise generated b\- a drop-forge hammer. These are both 
classified as impulse sounds, but clearly the duration of the 
noise from the rifle will be very much shorter than the dur- 
ation of noise from the forge. Because of this, the instrumen- 
tation which would be acceptable for measuring the forge 
noise will not necessarily be acceptable for measuring the 
gun noise. 

The last statement needs an explanation. The customary 
way of specifx ing the performance of a measurement system 
is to state the frequency range for which the resjionse is 
uniform. Seldom is equipment rated for its range of rise 
times; however, a simple engineering rule of thumb can be 
explained which relates rise time to frequency response. 
Consider an acoustic system res])oniling to a 1000-IIz signal 
(1000 IIz is chosen only to make the arithmetic eus\*). The 
sound pressure fluctuates about the normal atmospheric 
pressure in such a manner as to produce a compression and a 
rarefaction in 1/1000 sec. (i.e., the wave has a perlofl of one 
msec). Remembering the shape of a sine wave, one can see 
that the system responds to a change in sound pressure from 
atmospheric to maximum compression in^th of the period 
or in }^th msec. This can also be thought of as the "rise 
time" of the sine wave. Put another wa\-, a 1000-1 Iz signal 
might be thought of as having a rise time of }4lhc msec. 

Supjxise a measuring system was (juoted as having a uni- 
form frequency response up to 1000 Hz. (This upper fre- 
([uency of rfs]X)nse is commonly referred to as the "cutotT 
frequency.") If the upper limiting frequency of this sx'Stcm is 
1000 I Iz, it is evident that the s> stem could not respond cor- 
rectly to changes that take place in less time than J^'th msec. 
Thus frequency' response can be related to rise time response. 



Wayne Rudmosc is a group vice prcsidail nf Tracnr. Inc.. 
located in Austin. Texas. The material of litis series originally 
appeared in the American .Speech and Hearing Association 
Reports 4 {February 1969). 



Since impulse sounds from guns have rise times of the 
order of a few iisec, proper measurement requires a system 
able to respond to rise times ex'en shorter than a few msec. 
Supixjse the required rise time resjionse is one iisec, which 
corres]K>nds to the rise time of a pure tone of 250,000 Hz. 
The upper cutoff frequency' of the system then would have 
to be at least as high as 250,000 Hz. If the rise time to be 
measured were shorter, the upper cutoff frequency would 
have to be still higher. 

It should be evident by now that to measure gun noise 
re<iuires si>ecial equipment. Microphones that are most suit- 
able for this type of system are the very small (1/8-in. di- 
ameter) condenser types or ceramic types. High ([uality 
amplifiers and oscilloscopes with microsecond sweep rates 
make up the remainder of the system. Photographic record- 
ing of the oscilloscope wave pattern is the usual form of out- 
put registration. 

Returning to our comparison of gun and drop-forge noise, 
the measurement of drop-forge noise does not require a system 
with the extended high-frequency resiwnse retjuired to 
measure gun noise since the rise time of the pressure wave 
for the forge noise is much longer than is the case of gun noise. 
For the drop-forge measurement, a high quality microphone 
and amplifier (response uniform to 15 or 20 kHz) would be 
satisfactory-, and all that would be necessar>' would be to use 
an oscilloscope as the output indicating device. The micro- 
phones and amplifiers of most high-quality sound level 
meters would be acceptable, but their indicating meters 
would be unacceptable since the\- cannot resiMnil to such 
rapid changes, as was pointed out earlier. 

When measuring gun noises where the freciuency response 
of the system must extend to such very high frequencies, it 
should be remembered that the wave lengths of these acousti- 
cal signals are very short. Since this is the case, many subtle- 
ties arise in positioning the microphone and in making the 
measurements, it is sufficient to say that the measurement 
of such impulse noises should not be undertaken by someone 
unless he is ver\' well grounded in physical acoustics. 

Recently the sonic boom has become a topic of national 
interest. Since this sound falls within the definition of an 
iminilse sound, it follows that instrumentation for the meas- 
urement of sonic booms is sophisticated and in certain cases 
(|uite complex and so the comments concerning gun noise 



www.americanracliohistorv.com 



nieasuri'iiifiit also apply to tlir inoasnreiiicnt of sonic l)ooin 
noise. 

It nia\- not liaw hwii ol»^■i()lIs. hm tin- iliscnssion on nK-tliiKl 
of data displa\- rliangtfi sigiiiricaiilK- wlifii llio topic shifted 
from the mcasiirt'nieiit of stead\ -statc noise to impulse noise. 
.Measurements of steady-state noise norniatly jield ani])li- 
tiides as a function of freciiieiicies. Mathematical technicpies 
developed l)\- i'otirier and Laplace show that it is iKi.ssihle to 
represent a tinie-\ar\ inf; signal such as sound in at least iwn 
ways. .Amplitudes nia>- he shown as a function of freipiencv- 
or as a finiction of time. It is possible to compute one rela- 
tionship if the other relationship is known. The form of 
representation is noric.alh- dictated l)\- the soimd under in- 
\estisation. In the case of impulse sounds, it is more con- 
venient to represent the amplitude as a function of time 
rather than to show the amplitude as a function of freipiencw 
The inipidse noise Keneratwl In- rille fire iisualK produces a 
\er\- rapid coniprcssional rise to a peak, foll<iwed l)\- a rela- 
ti\el\- slow rarefaction wa\c. The most relevant pressure 
\-alue in this t\ pe of noise is proliahh- the i)eak pressure of 
the initial compression. On the other hand, a sonic boom has 
a lime pattern with more of the apjiearance of a stretched 
out ".X." In this cast', the pressure \aliie most comnionK- 
referred to represents the pressure dilTerence between the 
conijjressional peak and the rarefaction i)eak. a measure 
sometimes referred to as peak-to-peak sound pressure. As 
the \ arious speakers i)resent their ])apers. I am sure you will 
oi)serve the many forms of presentation <if plnsieal data 
associated with the noises under disciissiuii. 

PHYSICAL MEASUREMENTS 
IN NOISE CONTROL 

Concerning the physical measurements related to noise 
control, there are four major conceins I would like to deline. 
nameh-: absorption coeljicient. merheratinii lime. lr(nts>r.ixsio}t 
loss, and noise reductinii. 

The absorption coelTicicnt of an>- material represents the 
ratio of absorbed encrgv- to the cnerg\- incident u]K)n the 
material. If the material is a perfect reflector, the ab.sorption 
coefTicient is zero; and if the material is a |>erfect absorber, 
the absori)tion c(R'lTicient is one. ,\bsorption of soimd is ac- 
complished by generation of heat which results from the 
movement of air ])articles against the surface of the absorbing 
material. In any material, the more surface exposed to air 
movement the greater will be the absorption. From a ma- 
terials point of v iew, the design objective for high al)sor])tion 
is to produce a fiber of \-ery small diameter so that within a 
given volume many tuore fibers can be packed and hence 
much more rubbing surface area can be exjxjsed to the air. 

Thus the two principal ingredients are (1) the exposure of a 
large amount of surface area to the sound; and (2) the move- 
ment of air within the volume occupied !>>■ the material when 
the sound wave strikes the material. This latter re<iuirement 
is often forgotten, and it accounts for the fact that even 
though a material ex|X)ses a large amount of surface area, it 
may not be an efficient absorber. This is especiall>- the case 
when 1 or 2 in. of absorbing material is attached directK- to a 
massive wall. As sound strikes the wall it is ahuost totally 
reflected due to the large difTerence between the speed of 
pro|)agation of sound in the massive wall material compared 
with the speed of sound in air. As a result of this ver\- efficient 
reflection, a pressure maximimi is associated with the surface 
of the wall. Also since the wall is massive and does not move, 
the particle velocity at the wall is minimum. The nature of 
compressional wave motion is that a velocity maximum 
occurs at a location one-fourth of a wave-length removed 



from a velocit>- minimum, if a low frequency sotmd, say 125 
llz. strikes the wall, the particle velocity at the wall will be 
essentialK- zero. Since the wavelength of a 125 Hz signal is 
approximately 10 ft., the maximiuu jKirticle velocity will 
occur at a position approximately 2J^ ft. (one-fourth of a 
wavelength) awa\- from the wall. Thus the particle velocity 
of the air within a distance of 2 in. of the wall will of necessity 
be ver>- small; hence the absorption will be low. If this same 
2 in. of material is spaced out away from the wall the ])article 
velocitv- will be greater and thus the absorption b\- the ma- 
terial will be greater. If one wishes to have a high absorption 
coefficient for low-fre(pienc\- sounds the depth of the absorp- 
tive material luust be great or the material nuist be s])aced 
out awa\- from the wall. This is one of the major problems in 
absorbing low fre(iuenc\- soimd. 

Reverberation is a term which the lav nian intuitivelv' feels 
be imdcrstands. Technically, the reverberation time of a 
room is the time required for any soimd to decrease in ampli- 
tude by fiO (lU if the sound source is turned off and the sounii 

allowed to decrease In- virtue of absorption v\ itbin the r n. 

If the room has very little absorption (if all of the surfaces are 
acoiisticallv- hard), a greater length of time will be recpiired 
for the sotuid to dissi])ate in the form of heat and hence the 
longer will be the reverberation time; if the absorption within 
the room is great, the reverberation time is shorter. From 
the staiuliMiint of noise control, the i)roblem is usuallv- not 
how long a time is re(|uired for the sound to diminish 60 ilH 
after the source is turned off, but what is the sound pressure 
in the room while the source is operating. This is similar to 
the concept of power available from a source, discussed 
earlier. As the source continues to operate and radiate soimd. 
Iiart of this radiatetl sound will be absorbed and eventually 
a condition will exist where the amount of energv- radiated 
equals the amount of energy absorbed and the sound pressure 
within the room will reach its steady-state value. It follows, 
therefore, that the greater the sound absorption within the 
room the lower will be the steady-state stiund ])rcssure with 
a sound source such as a machine operating. Thus the rever- 
beration time of a room is measured not for the purposes of 
decav- of sound but for the purpose of determining the average 
absorjjtion characteristics of the room. Once these are known 
and once the sound [xiwer radiated by the source is known, 
the sound pressure levels generated in the room by the source 
can be calculated. Incidentally, these sound pressure levels 
cannot be calculated from pressure measurements made 
using the same machine operating in another room unless 
the absorption characteristics of this second room are also 
known. 

.\ormally part of the problem of noise control is how to 
prohibit sound from trav eling from one room to another. A 
wall separating a room containing a noise source from a room 
desired to be quiet can be characterized In- its transmission 
loss (TL). Transiuission loss is a property of the wall itself, 
and is defined as the ratio of the energy transmitted through 
the wall to the energy striking the wall. To measure the 
transmission loss of a wall, a noise source is placed in a rever- 
berant or semireverberant room, one wall of which is the wall 
under test. On the other side of the wall under test (the 
receiving room) there niav- be complete absorption by all of 
the other wall surfaces (an anechoic chamber) or there luav 
be another semireverberant room. Since sound pressure 
levels rather than energv- lev els are measured in both rooms 
the data must be corrected on the basis of the size of the panel 
under test and upon the absorption characteristics of the 
receiving room. These corrections are necessarv- for the de- 
termination of the transmission loss of a wall, and it must he 
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kept in iniiid ihai the TL \alues listed lor a wall slniciure 
relate to the iraiisiiiissioii of energv . Eiierg\ transmission and 
sound pressure t ruusniission nre iiol tlie siiiiie i;liiiig. 

In actual problems of noise control, t:lie sound presstire 
levels ate of niiicli greater interest than are energN levels. 
'I'lie "reril world" problem is to reduce tilic Si*l. of the noise 
ill the receiving room. The dilfeience in the sound pressine 
levels in two rodnis sciKuated by a wall is defined a* the noise 
reduction f\ K) in decibels of the wall. I hns a part.iciilar wall 
will have Tl, \aliies that rlilfer from NK values becriiisc the 
XK values are functions of the wall nnd the room. The an- 
alogy to electrical transmission piohleins is that solnid pres- 
sure corresponds to volttige and in the transtnispi(Mi ol elec- 
trical encrfiy voltage tnaj' iitcrcase or decrease (lepeinling 
ii[X)ii rite impedance across which the voltage is tncasnred. 
\ oltage and power do not. al\va\ s change in t he same manner. 
Tims .\K values may be gieater ot less than 11. values de- 
pending upon the wall size and the absorption in the receiving 
room. 

If one knows the 11. values of the wall an<l the reverbeia- 
tion time of the icceiving room, the sound pressure levels in 
the leceiviiig room can be calculared piovidi'<l the sound 
pressure le\■el^ tti the source room are kiiowti. The problem of 
noise control lesobes itself into knowing the sotind [X)\\er ol 
the source and the leverberarion time of i;!ie source rootn in 
order to calculate the sound pressuie level in the source room, 
and knowing tlieTI, values of the wall and the reverberation 
rime of the receiving room the sound pressine levels in the 
receiving room can be delermined. One nointally increases 
the efficiencv of a uall as a sotind barrier lij making; its Tl. 
value smaller and smaller, i.e., the less energy which gets 
through the wall the smaller the Tl. value. 'I'his implies that 
more sound is reflected by the wall back into the source room, 
and to achieve this phenoitK-non there must be signilicant 
discontinuries of speed ptopagation in the wall with respect 
to the speed of propagation of sound in air as well as laige 
density discontiituiries. Since Tl. values are less than unity, 
the ilH \alues of Tl. ate negati\e; however; it is cotiimon 
practice to omit the itegati\e sign and lefer to the dl{ val 
lies as the amount of wall attenuation. 

KecentU- it has been agieed that a single rating of walls 
Can be stated in snch a wa> as to make it meaningful. It is 
obvionsK of little use to know t;he aseiage valtie of TLs meas- 
iiii'd at fre(|uencies covering the range of interest since the 
average value provides no insight as to whether the wall is 
"goiKl" at certain fie<|iiencies an<l "bad" at other fiecpiencies. 
Jtisl as knowledge of a souikI spectiiini (amplitude vs fre- 
([ueiicy) is important, so is the knowledge of Tl. x'ersiis fre- 
([iiency for a wall iin|)oi taiit. The new single classilication ol 
rating walls is called "sound transmission Ckiss" (S TC) and 
relates to rhe freqtiencv characteristics of a wall. I"ie(|ueuc\ 
contours of 11. have been agreed upon and in general these 
'J"L values, in decibels, rise from 125 to abotit 350 Hz at a 
rate of ai)i)ro\iinateK 10 dH, octave and then change to a 
rate of about 3 dl? octave for frequencies of 350 Hx, to I50d 
and remain uniform with frei|uency above 15(10 Hz. The 
STC rating of a wall is given as the tmiform (llaf) value ol 
this fretjueticy contour for the higher frequencies. Thus a 
wail with an STC value of 45 dH has transmission loss values 
(actually attenuation values) which equal or exceed the tre- 
(|iu'iicy characteristics of the standard contour which curries 
the "45 di5" rating. Measurements of I'L \alues are made 
ttsliig one-third octave bands of noise rather than ptire tones. 



(Concluded next month) 



THE SECOND THING WE DID WAS 
MAKE A 16-TRACK TAPE CONSOLE 

QUIETER THAN THE QUIETEST 
ONE-TRACK TUBE SYSTEM BUILT. 



The first thing we did was design JH5 
solid state electronics. Because 
without the one, you can't have the 
other— the JH5 has that many per- 
formance, stability and dependabil- 
ity improvements wired into it. 

Now you're saying, "Where am I 
going to get the money for a new 16- 
track console?" And the answer is, 
you don't have to. 

Just let us convert the transports 
you have (and save you a whole lot 
of money), with JH5 modules. 

That's the beauty of it-the JH5 
concept is completely modularized. 
We can simply update your tube 
tracks, or expand your entire system, 
just by adding modules. 

And if this isn't good enough for 
you... Well, okay, go ahead and buy 
our ultra-quiet 16-track console. 
There are lots more (plus some pretty 
fantastic 1-, 2-, 4- and 8-tracks) 
where this one came from. Which is 
from... 



YMLV 



1140 North Flagler Drive/ Ft. Lauderdale 
Florida 33304 / Phone: 305/524-4435 
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How to 



Mic a Sports Broadcast 



ELLIOTT FULL 



Perhaps this could also be called "hlow 
Not to Mic a Sports Broadcast". The author 
has been involved in a multitude of sports 
broadcasts v^ith and without the benefit of 
an engineer — this over many years. He has 
thus solved a few problems and left a few 
more unsolved. 



RADIO STATION KXIC .\M/FM is the onl\- commercial 
station in this University city (Iowa City) with 
20,000 students. Since Iowa is a big ten sciiool. tiic 
ol' gridiron is of prime imix)rtance. On the days 
teams meet, that are considered good at whatever game 
the\' are playing, we often have three separate feeds. One 
for us and two for other stations. Our own game broadcasts 
are fed to other stations around the state. With bad teams, 
seasons, and times, we ma\' ha\e a 3 station network. With 
winners this number may get up to 20. The number of 
stations is also dependent on whether the contestants are 
putting tile ball o\er goal lines or just through hoops! 

Technically, a sixirts fei-d involves: A — 1 to 4 micro- 
phones; B — an "engineer" (sometimes optional); C — a 
remote amplifier, earphones, pencils etc.; D — a broadcast 
loop and a (spare) talk loop. 

We have found that inserting an e(|iializer in the incoming 
loop from the more distant stadiums noticeably improves the 
i>roadcast sound.s. Here are the usual ways to mic a spirts 
broadcaster, none very successful: 

1. .Mic stand and mic on the table. He is often olT mic and 
coveretl b\- the crowd. 

2. .X very light mic mounted on his earphone band. Too 
hea\'\-, baddisli <|iiality, [xipping, and If it hrejiks, it's broken. 

3. Mic on neck harness. 'I'oiiclidowns and baskets are maile 
to the left and to the right where our hero is olT niic and 
coiupetliig unfa\'oral)ly with the crowd. 

4. Hand held microphone. It doesn't work if he tries to 
throw it at the ref! 

Into this miasma has come the saving graces of the |M)p 
singer and the microphone designer. The pop singer faces an 



Elliott Full is vice-president and chief engineer nf KXIC AM- 
FM in Iowa City, Icm'u. 



audience similar to the sports audience, also often out of their 
minds. The singer is usually paid better, and his living de- 
l>ends on being heard and having good audio. Somehow this 
mixture has come up with a new breed of microphone that 
actualK- allows the sportscaster to remain in contact with his 
fans, most of the time. 

The new mics difTer one from the other, but the small, 
switcliable, pop proof, hand held, cardioid must have come 
from heaven! Just tell jocko to stay in front of it and start 
talking when the second hand reaches straight up. The fans 
may sound like they are on a bad trip and the score 20-20, 
with the bad guys five feet from pay dirt. If your instructions 
are not grossly <lisol>eyed. the listening audience may still he 
with it and treated to a nearly coiuplete game. How does all 
this add up to a good sports setup? Put the great little cardi- 
oid on a goose neck instead of a mic stand. I'asten the goose 
neck fitting to the table so the mic will swivel right, left and 
center. Put a drop of oil on the fitting threads .so they don't 
wear out or s(|iieak. ( live the color man or men a similar mic 
with an on-otT switch so that the\- don't catch the engineer 
with his pox down. .Some of these neat mics have silent 
switches so audio from the crowd noise mic easily covers up 
any little thunk from the switch. I'inalK', the crowd noise mic. 
no problem, this can be any of the many microphones that 
failed the "s]X)rts test" in the last 10 years. Cover it up 
though, so that any slight breeze outside doesn't cause the 
vu to go otT .scale. 

The ainjilifier — why it's a 10-\ear old home built job that 
has it's own limiting. It is e(|uipped with 6.\1,.S, 12.\X7's, 
6,S86 etc., remember'! .Vaturally there is a batter\-, solid-state 
standby imit a\'ailable, just in case. Why hasn't a manufac- 
turer come up with a solid-state, limiting-remote amplifier. 
This ty|)e of am|ilifier does cover for the engineer when the 
score is 20-20 and the ref ! 
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New Products and Services 



MIXING CONSOLE 



• 'riic SUkUt consoles aru now avail- 
;il)le from V. S. stock. Tlic iiiodt-l 089 
is a roiiipact twelve iii])ut, three cliaiiiiel 
sliidk) and broa<lcast unit with com- 
plete ec|ualization, echo, filter, anil paii- 
|)ol facilities. The desinii is unusually 
complete including talkback with s|(eak- 
er and amplifier, complete monitoring 
including 2()-watt amplification and 
speakers, a 20 lo 20,000 1 Iz test oscil- 
lator, remote conlml and sigiiallinn 
facilities- and even a huilt-in aslitra\-. 
The console is collapsible and comes in 
a fitted shipping case ami may he 
powered from ix)wer lines of any stand- 
ard available vollane or batteries. 
Mfr.: Sliidcr UUsl. by Golliam Audio 
Corp.) 

Circle 54 on Reader Service Curd 




CASSETTE TAPE 



• A new tape development is claimed 
to make it |)ossilile to record extended 
liigli freiiuencjes at cassette speed. .\ 
new unmma ferric oxide is used. V.x- 
Ireme polishing of the tape surface im- 
proves head contact and reduces head 
wear. 'I'he new formulation utilizes 
a needle-like shape as compared to the 
rectangular shape of standard t)xitles. 
This is slates to permit eight times 
Srealer density of magnetic particles, 
improving resolution an<l rt^hicing dis- 
tortion and print through. 
Mfr. : TDK lileclroiiics Corp. 
Circle 57 on Reader Sen'ice Card 




COLUMN SPEAKER 



• 1 ligli power capability in excess of 250 
watts is claimed for this six eight-inch 
speaker system. Designated the model 
PI, -250 Cialaxy, the column also fea- 
tures a "sparkle priKlucer" horn moiuited 
on lop. This is a high-ixnver voice 
speaker designed lo carry vocals abov e 
the tremendous amplification levels |)ut 
out !)>■ electric guitars. The s\steni is 
64 inches high and has a two-conductor 
phone jack input. Impedance of the 
column is 8 ohms, 
Mfr. : A lias Sou nd 
Circle 52 on Reader Service Card. 



PROJECTOR CONTROL 




• Will .S/.abo of the audio visual engi- 
neering firm bearing his name is here 
presenting a new control consolette to 
C I). "IVte" I'eterson, .Manager of 
audio visual and photography for Xerox 
Corp. The uni(|ue circuit permits the 
Kodak U.VXSO random access slide 
projector to be used as a remotely con- 
trolled si-(|iienlial projeclor. It was de- 
signed for the Xerox Corixjration 
Board Room in Rochester, \. \. Pro- 
viding for two side-b\-siile images the 
black box permits advance, reverse, and 
focu^ f mictions lo be controlled l)\' pusli- 
bnllon.s on the executive conirol con- 
solette located at a lecturn or broad 
table. -A R.\950 controller is built into 
the consolette with all its functions 
retained, the single controller having 
access to both or either projectors. 
When a sei|uential program is inter- 
rupted for random a<-cess to any of the 
162 slides, a memor\- restores both 
projectors lo their proper sequential 
position when the program is resumed. 
Mfr. \ Will Sy.abo Associates 
Circle 50 on Reader Service Card 
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POWER AMPLIFIER 



• 120 w;itl.~ aditiiuKiiis art- olTcml 
the iiKxIfl S1C46() aniplilk'r. This is ac- 
tually W) natts [XT clianiR'l as this is a 
stereo aniplilier. Custoiii e<|iializer 
boards arc a\ailahle that tailor the sig- 
nal for the s|iecilk- siieaki-r s\ stciii con- 
inrlefl to it. Distortion is dainicd to he 
so low as to hv the residual of the test 
instruments, ("onstruclion is all solid- 
state. 

Mfr.: Jtnncs H. iMrisinji Sound 
Circle 53 on Raider Service Card. 




UnpeTimErs 

H TIMEKEEPER has the new Michael Scott TAPt 




Standard TAPE TIMER $49.95 
(7.5 and 3.75 — can also 
be used al 1 5 in. sec.) 




Professional Hish-Speed 
TAPE TIMER $99.95 
(7.5 and 1 5 in. /tec.) 



TAPE 

TIMERS in stock (or immediate delivery. These 
low-cost, high quality tape timers offer these 
advantages: 

• Easily mounted on any 14 inch tape machine. 

• Accuracy within 2/1CX)0 independent of tape 
speed. 

• Precision ball bearings - no need for lubrication 
ever. 

Save time and money by winding tape at high speed 
with the same timing accuracy associated with 
normal speeds. 

Why use a TAPE TIMER in place of a stop watch? 
Simply because the stop watch is independent of 
the tape which itself is Subject to elongation or 
contraction plus other factors associated with 
the recorder itself. Most important, the stop watch 
cannot be rewound with the tape! Only a TAPE 
TIMER moves with the tape so that you always 
know where you are for any editing, processing, 
or revisions. It is an indispensible tool for the serious 
tape user. At this low price you can no longer 
afford to be without one. 

Each TAPE TIMER is fully guaranteed to meet 
with your complete satisfaction or your money will 
be promptly refunded. 

TIMEKEEPER has an unusual variety of special 
items particularly selected for the professional 
audio field. Write for details and prices. 



llMEKEEPER 

P.O. Box 762, Mineola, New York 11501 

Please send Pro Model TAPE TIMERS at $99.95 each. 

Please send Standard Model TAPE TIMERS at $49.95 each. 

Shippins costs: $1.00 per order. 

Enclosed is a check for $ 

Name 



I 



Company . 
Address. . 
City 



State Zip 

Circle 25 on Reader Service Card 
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Today, a 
college 
education 
is Vs paid, 
V3 aid. 

Student tuitions cover only one- 
third of college operating costs. 
If it weren't for the other two- 
thirds derived from tax funds 
and individual gifts, our colleges 
would be out of business. You 
can help a college help Amer- 
ica stay in the lead. Give to the 
college of your choice. 

COLLEGE IS AMERICA'S 
BEST FRIEND. 

X^f adveitising contribul^d (or Die public good 



Many readers do not realize that they 
can also be writers for db. We are 
always seeking good, meaningful articles 
of any length. The subject matter can 
rover almost anything of interest and 
value to audio professionals. 

.\re \<m doing something original or 
unusual in your work? \'out fellow 
audio pros might want to know about 
it. (It's easy to tell >our ston,- in db.) 

\'ou don't have to be an experienced 
writer to be published. Hut \ ou do need 
the abilit>- to exjiress your idea fully, 
with adetiuate detail and information. 
Our editors will ]X)lish the story for you. 
We suggest you lirst submit an outline 
so that we can work with you in the 
development of the article. 

\'ou also don't have to be an artist, 
we'll re-do all drawings. This means we 
do need sufficient detail in your rough 
drawing or schematic so that our artists 
will understand what \ ou want. 

It can be prestigious to be puhlislied 
and it can be profitable too. .Ml articles 
accepted for publication are purchased, 
^'ou won't retire on our scale, but it can 
make a nice extra sum for that special 
occasion. 



PACKAGED 

SOUND 

SYSTEM 



DIGITAL 
FM TUNER 




• Mcidi'l \'A302 is (k'signcd to meet 
the most exacting re(|uiremeiits in 
cither a [X)rt;ihle or periiianently iii- 
stalk'fl sound system. Tlie package con- 
sists of a console/amplifier and two 
s]X'aker columns. The console lias six 
input channels, each channel with its 
own volume, treble, bass, and reverb 
in-out controls. I'-acti channel is fur- 
ther adjustable by its own attenuator 
switch for optimized amplification char- 
acteristics of various program material. 
Master controls are also provided. 
Four anti-feedback switches are in- 
cludeti. The system delivers 100 watts 
KMS Continuous. The speakers each 
contain two 10-inch drivers, and four 
eight-inch units for at total speaker 
cone area of ,^58. 14 stjuare inches. Low 
impedance microphones are to be used 
with tiie s\ ste:n. 
Mfr.: Shure Brothers, hrc 
Price: SHW5.00 

Circle 5S on Reader Service Card 




• Model 804 uses digital readout to 
replace con\entional f.m. tuning. The 
fre<|uenc>- of the station tuned is 
flashed on readout tubes. Tuning is in 
single-step moves upward along the 
f.m. dial with a center-channel stop 
made at every frequency for which 
there could be a carrier. Tuning is 
cn,'stal accomplished. The unit con- 
tains a crystal frw[uency sysnthesizer 
that iiroduces 100 separate and stable 
crystal-controlled fret|uencies that e.\- 
actl>- conform to the 100 [X)ssiblc f.m. 
station positions between the band 
extremes. The tuner can be manualU- 
or rapidly swept upwards with stops 
possible every 0.2 niHz. The full 100 
channels of the f.m. band can be swept 
in about five seconds. Tuning is always 
thus precisely on the center of even,- 
channel — even without a carrier present 
to guide the tuner — and may be remote 
controlled or clock programmed. Con- 
struction is all solid-state (except for 
the readout tubes) and features circuit 
designs for the highest state-of-the-art 
performance characteristics, in both 
regular and stereo f.m. 
-V//r: C/ M laboratories 
Price: approximately $1000 (avail, spring 
1970) 

Circle 60 on Reader Service Card 



Harvey's has a 
studio fader that 
combines the 
best qualities of 
spaghetti, satin 
and mice. 



The more channels yon add to your 
consoles, the larger they become, unless 
yon find a way to make the equipment 
smaller. Which is where Harvey's can 
help yon. 

We've got a straight-line studio fader 
that, while it's not quite as thin as 
spaghetti, comes closer than anything 
else we've seen. It was made by Penny and 
Giles, who adapted a conductive plastics 
technique they used so successfully in 
the design of precision potentiometers 
for the aerospace and computer 
industries in England. 

The new Penny and Giles fader offers 
lots of advantages over conventional 
slide-wire faders. For one thing, it's as 
quiet as a mouse (there's minimal 
extraneous electrical noise). .Vnd its feel 
is smooth as satin. 

Each fader comes with a cue switch 
and an auxiliary equipment switch which 
may be used to start or stop tape 
machines, teleeine equipment, turn- 
tables, signal lights, etc. 

The new device, available in America 
exclusively at Harvey's, has gained wide 
acceptance in Europe, where it's 
recognized as being not only narrow, 
smooth and quiet, but reliable as Big 
Ben, besides. 



Harvey Radio Co. 

Professional A/V Division, 2 West 4Sth St., 

New York, N. V. 10036. (212) JU 2-1500. 

Circle 26 on Reader Service Card 
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The db 
Bookcase 




As a service to our readers we are pleased 
to offer these books horn prominertt tech- 
f»'ca/ publishers. All prices listed are the 
publishers' net. Shipping charges are 
included. 

Use the coupon at the bottom of the page 
or give the complete title, authorartd coupon 
number. Be sure to irtdicate quantity on the 
special instructions line if more than one 
copy of a title is wanted. Full payment must 
accompany your order. We cannot ship 
c.o.d Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of books. 



Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive background of 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
atin<i and studio facilities, producing and di- 
recting, writing, performing. For those of you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pages; 6ii x 9l4i indexed; 
clothbound. 

S6.95 (S8.35 in Canada) 
Circle S on Coupon Below 



Reference 

New 17lh Edition oF the famous 
RADIO HANDBOOK 

Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and test equip- 
ment. Provides extensive, simplified theory 
on practically every phase of radio. Broad 
coverage; all original data, up to date, com- 
plete. 847 pages. 
S1S.95 (S15.50 in Canada) 
Circle 10 on Coupon Below 



How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes It highly useful to 
radio-TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6x9; 
illus; softbound. 
S3.95 (S4.60 in Canada) 
Circle 15 on Coupon Below 



CLOSED-CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field in an 
easy-to-understand presentation. It's par- 
ticularly suited to those who plan to use, 
Install, and service cctv. Covers the subject 
from the simple single-camera system to the 
most exotic systems. 288 pages; SV^ x QVa 
clothbound. 

S5.95 (S6.75 In Canada) 
Circle 1 8 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Dorf. Now in Its third edition 
and sixth printing since its first appearance 
In 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics-minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; 239 dia- 
grams and photographs. 
SI 0.00 (S1 1.95 in Canada) 
Circle 19 on Coupon Below 



General Audio 

THE TECHNIQUE OF 
THE SOUND STUDIO 

by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. 264 
pages; 60 diagrams; glossary; indexed; 5J4 
X 8J^; clothbound. 
S10.50(S11.95 in Canada) 
Ciicle 1 on Coupon Below 



DESIGN OF LOW-NOISE 
TRANSISTOR INPUT CIRCUITS 

by Waiiam A. Rheinf elder. 1964. Written 
for students as well as circuit design engi- 
neers interested in low-noise circuit design. 
Throughout, the book gives a multitude of 
time-saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all Important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low-noise 
design. 128 pages; 6x9; illus.; clothbound. 
S5.50 (S6.50 in Canada) 
Circle 14 on Coupon Below 



THE AUDIO CYCLOPEDIA 
(Snd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here Is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition Includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1(300 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 6'/^ x 
9-3/8; hardbound. 
SS9.95 (S35.95 in Canada) 
Circle SO on Coupon Below 



ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard 
bound. 

S17.50 (SS0.90 in Canada) 
Circle SI on Coupon Below 



j Sagamore Publishing Company, Inc. I 

I 980 Old Country Road, Plainview, N.Y. 11803 | 

I Please send me the books I have circled below. My full remittance in the amount i 

I of $. . , Is enclosed. N.Y. State residents add 5% sales tax. i 

I 1 S 3 4 5 6 7 8 9 10 11 IS 13 14 15 16 17 18 19 SO SI 88 | 

j 83 84 85 86 87 88 89 30 31 3S 33 34 35 36 37 38 39 40 | 

I Name i 

I Street Address , 

j City State Zip I 

j Special Instructions | 
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HANDBOOK OF ELECTRONIC TABLES 
& FORMULAS, (3rd Edition) 

A one-stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit design data. Includes a B-page, full- 
color fold-out chart showing latest FCC allo- 
cations for the entire frequency spectrum. 
232 pages; 5H " ^Hl hardbound. 
S5.50 (S6.60 in Canadi) 
Circle 8 on Coupon Below 



Classified 



Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremafne. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harraonic distortion. 172 pages; 

X 8J4; softbound. 
S4.S5 (S5.25 in Canada) 
Circle 9 on Coupon Below 



Circuitry and Components 

PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremaine. A complete and 
comprehensive guide to the design, con- 
itruction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text Is one of the few written 
on the subject, and requires only nominal 
mathematical background Written in easy- 
to-understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networks. 288 pages; 
5H X SJ^i softbound 
$5.50 ($6.45 in Canada) 
Circle 5 on Coupon Below 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO FREQUENCY 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. To as- 
sure clarity, the figures are rendered in sev- 
eral colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
subject for engineers and advanced techni- 
cians. 384 pages; 5 x 8; illus.; clothbound. 
$7.95 ($9.55 in Canada) 
Circle 12 on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 

by Don Davis. Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time-saving solutions to actual problems 
encountered in the field; minimum math is re- 
quired for understanding. The author is an 
expert in this field, and an authority on audi- 
torium acoustics. An invaluable book for 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi-fi fans and students. 192 
pages; S^i x 8^; hardbound. 
$6.95 ($8.35 in Canada) 
Circle 7 on Coupon Below 



Closing date is the fifteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainview, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four trackand model 270 auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. Wiegand Audio Laboratories, 
340S Windsor Road, Wall, New Jersey 
07719. Phone; 201 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
8c tape preamp-equalizers, tape bias osc. & 
record ampl., power amps & power sup- 
plies. Send for free catalog and audio ap- 
plications. Opamp Labs., 172 So. Alta 
Vista Blvd., Los Angeles, California 90036. 



TWO TAPATHON 702 ' Librarian" back- 
ground music tape players with interspersing 
feature. Used, good condition. (801) 
278-6242. 



AMPEX 952 TAPE RECORDER. Perfect 
condition, recently factory overhauled. 
$150. FOB Box 826, Huntington, N. Y. 
11743. 



AT LAST! A headset designed specifically 
for studio use. Single phone with adjustable 
headband and vinyl cushion has 2000 ohm 
impedance. Rugged 20 foot cable is super 
flexible. $9.95 ea. Quantity discount avail- 
able. Studio Engineering Consultants, 19123 
Castlebay Ln., Northridge, California 91 324 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A selective service for 
employers and job seekers: engineers, tape 
editors, production and studio mgrs, traffic 
assts, etc. Call us today! Smith's Personnel 
Service, 1457 Broadway, N.Y.C. 10036. 
Alayne Spertell 212 Wl 7-3806. 



JOIN A TEAM. We're seeking the best 
minds in the professional audio industry. 
Openings exist in Engineering Manage- 
ment, R&D, and Project Engineering. Ex- 
tensive experience and/or BSEE required. 
These are rewarding positions, with creative 
challenge, and responsibility. Please send 
resume with salary requirements to Box 3A, 
db Magazine, 980 Old Country Road, 
Plainview, N. y. 11803. 



YOUNG SALES ENGINEER needed by 
reputable manufacturing firm of professional 
audio equipment. Some knowledge of 
application engineering. Opportunity for 
advancement. Little travel, offices in New 
York City. Write Box 1A, db Magazine, 
980 Old Country Road, Plainview, N. Y. 
11803. 



SERVICES 



WHATEVER YOUR EQUIPMENT NEEDS 
— new or used — check us first. Trade your 
used equipment for new. Write for our 
complete listings. Broadcast Equipment & 
Supply Co., Box 31 41, Bristol, Tenn. 37620. 



CUSTOM STYLUS — cartridge re-tipping, 
re-building, replacements. International 
Audio Stylus Corp., 111-D Lake Ave., 
Tuckahoe, New York, 10707 (Telephone: 
(914) SP9-1297. 
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People, Places, Happenings 



• KlsewliiTt,' in this issue are dates, 
times, and the i)lace for the W est Coast 
AES Convention. Full details, show 
Ilia)), paiKT. eto. will be in the April 
issue. 

• The Midwest Acoustics Confer- 
ence will l)e held on Thursday, April 
16tli at the auditorium of Illinois Insti- 
tute of Technology Research Instittite, 
The Institute is located in Chicago, 
Illinois. The Midwest Acoustic Con- 
ference is siKinsored annually by the 
IEEE Chicago Acoustics and Audio 
Group, the AES, and the Acoustical 
Society of America. Contact Dan 
Queen, Perma-Power Company, 
5740 North Trip]), Chicago. Illinois 
60646 for additional information. 

• Final plans ha\-e been announced 
for the tenth annual United States 
Institute for Theatre Technology 
(USITT) Conference to be held April 

at the Harbizon-Plaza Hotel, 
New 'S'ork City. Panels at the con- 
ference will discuss sound reproduction 
and reinforcement for theater staging, 
for dance, a review of the National 
F'lectrical Code as it affects theaters, 
new equipment and procedures in tech 
nical iirochiction, and the architecture 
and psychology of aesthetic distance. 
There will be tours of a major scenic 
studio, theater facilities at the new 
Julliard complex at Lincoln Center, 
and a Broadway theater. Additional 
information is available bv writing 
USITT Conference, 245 West 52nd 
Street, New York, N. Y, 10019. 

•Sidney R. Goldstein has joined 
Parasound, Inc. as national manager 
in charge of Parasound's ])roducts and 
services. Specifically, he will be in charge 
of promoting Paul Beaver and Bernard 
L. Krause Moog Synthesizer recording 
and broadcast commercial ser\ ices and 
the complete line of Orban/Para- 
sound Stereo Synthesizer products. 

• Production and plant management 
at the speaker manufacturing plant of 
EPI is now the responsibility of James 
Gorman according to an announcement 
by company president Winslow N. 
Burhoe. Mr. Gorman conies to EPI 
with twelve years exiierience at Acous- 
tic Research, Inc., the last four of 
which were in the position of assistant 
production manager. 




• Don Davis has been promoted to 
director of commercial sound products 
for .\ltec Lansing of Anaheim, Cali- 
fornia. Prior to this apiX)intnient he 
was most recently manager of .Altec's 
.\cousta-\'oicing jjrocess of which he is 
one of the co-inventors. Don Davis 
has been with Altec since 1959 and has 
served as a regional sales manager, 
national sales manager of audio controls, 
and manager of .\cousia-\'oicing. He is 
also a past western-vice-president of the 
AES, and has been a western conven- 
tion chairman. He is currently on the 
board of governors of the .MvS. He is 
also a member of the SMPTl- and the 
.Acoustical S(>ciet\- of America. In his 
new ])osition he will coordinate and 
direct all marketing and sales activities 
for all audio controls, commercial sound, 
and Acoustn-X'oicing ]3roducts. 




• Sharyl Story has joined .\udio Mag- 
netics Corporation as manager of 
marketing services, Ray Allen, vice- 
liretident/sales, announced today. 

Miss Stor\- will coordinate the sales 
department and promotional activities 
for .Audio Magnetics, one of the na- 
tion's largest manufacturers of cas- 
settes. 

Prior to joining the compan\'. Miss 
Stor\' was marketing ser\-ices manager 
for Allen Jones Electronics, Inc. in 
Gardena. 



• Peter McDonald, president of Uni- 
versal Education and Visual Arts, 

recently announced two key organiza- 
tional ap|M)intments. Leo B. Guelpa 
has been promoted to assistant vice 
president for research and production, 
and Dr. .\lfred Roman has been pro- 
ntoted to director of research and de- 
vclo])nient, the post formerly held by 
Mr. Guelpa. 

In his new iKJsitiou Mr, Gueljxi will 
work closely with members of the com- 
pany's expanding film production and 
research and development departments 
in order to provide the necessary con- 
tinuing liaison between these two op- 
erations. 1 le will coordinate the activi- 
ties of the two departments, especially 
in the areas of curriculum trends and 
forecasts, educational film acquisitions, 
and supplemental film materials. 

Dr. Koman is now responsible for 
the direction and evaluation of all 
educational film research and develop- 
ment programs, including product plan- 
ning, product development, and product 
acquisition. This includes supervision 
of the com])any's advisory committee 
of leading educational consultants lo- 
cated in schoolsand universities through- 
out the world. 




• Shelby F. Young has been named 
l)resident of .\llied Radio Corpora- 
tion of Chicago. Mr, Voung'who is 35 
succeeds William F.. Cowan, 58, who 
resigned as president of Allied and as a 
director of LTV Ling Altec, Inc. of 
Dallas, .Xllied's ]>arent organization. 
Although .Allied Radio has been in 
business for 49 \ ears, Mr. Young is only 
the third man to hold the presidential 
title. Prior to this promotion, he was 
general manager of -Allied's consumer 
division which included both mail 
order and retail store sales. Allied now 
has 36 retail outlets, mostly in the 
midwest, though two are in Texas. 
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THANK YOU 



WILLI 
STUDER 

Seldom has a tape recoder captured the immediate and 
whole hearted acceptance of the audio fraternity as has 
the Revox A77. 



Willi Studer has been designing superlative magnetic recording 

equipment for the broadcasting and recording industries 

for years. The A77 is his latest-a great machine that 

outperforms recorders costing up to three times as 

much. Specifications and performance are a joy. Want details? 

Write us for full particulars. 



And again thank you, Willi Studer, 
for another magnificent product. 



reVox 




. delivers what all the rest only promise. 

Pevox Co'poralicn, 2l2 W -cols 4ven,» We.v VO'^ N Y 1)577 ;n Canada Tn-Tel Associates. Ltd . Toionio, Canada 
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The microphone 
with backbone... 




now has a 
staunch new 
companion! 



MODEL 676 



MODEL 674 




' In just a few short months ihc 

V?y« Elcctro-Voicc Model 676 has 
' gained quite a reputation as a problem 
• • soKcr — no matter what the odds. Now 
' • the 676 has a teammate. The Model 
674 has the same unique backbone tliat 
rejects unwanted sound., .an exclusive 
with Continuously Vaiiahle-D(CV-D)'"- 
microphones from Electro- Voice. And 
the improvement in performance is dra- 
matic. 

^' Troubled with feedback or intcrfcr- 
«■ ing noise pickup? Most cardioid micro- 
- ' phones cancel best at only one fre- 
quency — but CV-D' insures a usefid 
cardioid pattern over the entire re- 
sponse range. And its small size means 
' the pickup is symmetrical ojt any a\is. 

Bothered by rumble, reverberation, 
or loss of presence? A recessed switch 
lets you attenuate bass (by 5 or 10 db 
« at 100 H/) to stop problems at their 
source. Anil there's no irnwantcd bass 



boost \\ hen performers work ultra -close. 
CV-D eliminates this ■■proximity effect" 
so common to other cardioids. 

Wind and shock noise arc almost 
completely shut out by the CV-D de- 
sign. EHicient screening protects against 
damaging dust and magnetic particles, 
and guards against annoying "pops". 

As for Overall sound iiuality. only 
expensive professional models compare 
with the 676 and 674. The exclusive 
Acoustalloy" diaphragm gets the credit. 
It's indestructible — yet low in mass (O 
give you smooth, peak-free, wide-range 
response with high output. 

The Model 676 slips easily into its I" 
stand clamp for i|uick. positive moimt- 
ing. The line balance and shorter length 
of the 676, and absence of an on-off 
switch makes it idetil for hand-hckl or 
suspended applications. 

The Model 674 olTers identical per- 
formance but is provided with a stand- 



ard mounting stud and on-off switch. 
Either high-or balanced low-impedance 
output can be selected at the cable of 
both microphones. 

Choose the 676 or 674 in satin chrome 
or non-reflecting gray finish for just 
S89.00. Gold finish can be ordered for 
$5.50 more (list prices less normal 
trade discounts). There is no better way 
to stand up to your toughest sound 
pickup problems. Proof is waiting at 
your nearby E-V sound specialist's. Or 
write for free catalog of Electro- Voice 
microphones today. 

An important footnote: There is no time limit to 
our warranty! If an E-V microphone should fail, 
just send it lo us. If there's even a hint that our work- 
manship or materials weren't up to par, the repair is 
no charge — even Oecades from now ! Fair enough? 

• Potent No. 3,115,207 



ELECTRO-VOICE, INC., Dept., 302BD. 686 Cecil Street. Buchanan, Michigan 49107 
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SETTING NEW STANDARDS IN SOUND 
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